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n Eaſy, Exact and Speedy Method 
| . for making the TABLES of Natural Sines, 


| the TABLES of Logarithms, and of the Arti- 
| ficial Sines, Tangents andSecants. With ſome 
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To the Candid Real xr by Jay of 
troduction and Pretide 


þ. 


of | 
W Aving Obſerved that the Dot 75s 
= f Trigonometry depends wholly* 
upon the help of Tables, and Con 4 
6 rdering how many accidents and impedi- 
ments nay intervene and hinder that conve- 
mency. May have ſet about the performance 
of plain Trigonometry by Natural Arithme- 
tick, and moſt upon this ground, viz. That 
having aſſigned the Hypothennſe of a Right q 
Angled plain Triangle to be alwayes x00,.. 
hey found the baſe and perpendicular there- 
to, or (which is all one) the Sines and Co- 
ſores in Decimal Numbers to every point | 
half, and ( ſometimes) quarter en of the 
Angle at the baſe to 4.5 d. which Numbers 
were reſerved as fixt or ſtationary Nune« + 
bers whereby ( as in ſimilar Trengles ) 
to find the parts unknown in the Triangle 
propoſed. Now although this method (re- 
membring all thoſe numbers) was not to be 
deſpiſed, yet to perform plain Trigonom 
reby to any degree or minute was inipoſſt- 
ble without Tables of thoſe Numbers, which 
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e Reader... 


Nitiral$ ag > impoſſable to be commit- 
ted to memory. [ kerefore to remedy this in- 
conveniency in order to the more exad per- 


formance of plain Trigonometry Arithmeft- 


cally with mcſteaſe to the memory, there has 
Lutely been invented ageneral Rule to ſolve 4 
right Angled plain Triangle by Arithme- 
tick, to 4 or 4 places of figures,and now for 
common good the ſame is made publick with 
a method ſhewing (to any reaſonable Capa- 
city) how the whole Dodrine of plain Tri-| 
gonometry may be accommodated thereto , 
and thereby exaitly calculated to three or 
four places of fignres, which is exat# enough 
for any common uſe, and how far it may be 
ſerviceable as well at Land as Sea, the im 

partial PraGitioner may judge, it has been 
long deſirea by many,but never (that {know 
of Yattained unto or publiſhed till now. And 
it holds as well when the Angles are given 
in any degrees and minutes whatſoever, as 
when in even degrees, or upon even points 
halves or quarter points of the Compaſs, be 
ing no further burdenſome to the eMemor 
then the remembrance of a few lines, whic 
# inconſiderable in. a Rule of ſuch urtiverſa 
uſe, Now this general Rule or Fundameny 


ot 


_ wen and the contrary, and this is explain- 


ed 4 


To the Regder. © 

al Axiom, ought in the lace to be well 
imprinted in the memory beſore - you pro» 
cede to the Reſolution of plain Triangles - 
thereby, And now baving premiſed thas 
much by way of Introdu@ion. 1 ſhall in the 
enjuing part of this diſcourſe give the Rea: 
der a © Brewiat of the Subje&. of each part 
contained in this eMiſcellaneous Manual, 
viz, 1. The Dodrine of right Angled plain 
Triangles, all the Caſes therein with exam- 


. ples of all varieties that can happen, fairly 


reſolved Arithmetically, to page 19. | 
2. 1 he Dodrine of Oblique plain Irian- 

gles compleatly handled in all the Caſes, with 
Examples of all the varieties that each Caſe 
admits of, all reſolved by Natural Arith- 
melick, to pag. 63. 

3-Tothe end that the Courteous Reader may 
be compleatly furniſhed with whatever is ſub- 
ſervient in this Arethmetical irigonometry. 
I have added: a full Treatiſe of Decimal 
Arithmertick, to pag. 86. ad there begun 
a diſcourſe of good uſe concerning eMultt- 
plicators and Diwviſors, viz. How to Con- 
vert a given ' diviſor into a Multiplicator, 


that ſhall effeF the ſame as the divifor gi- 
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To'the Reader. | 
ed, to page $9. with ſome uſes of this Con 


verſion in fict Proportions, tO pag, 94. 4s 
. alſoto p. 99. by ſome Queſtions in the rule 
of Three, but more amply the advantage of | 
the ſaid Converſion appears in ſeveral 2ue- 


tons in rules of plural proportion, ſuch as 


F.- both kinds of Fellowſbip, and Alligation 


each yort, and this, to page 122. 
4. The Extradion of the Square-root by 
. wer y plain and eaſy rules, with ſeveral Ex- 
atuples both in Integers and Fra#ions, for 
better inſtru@ion of the Learner, ' this being 
much ufed in Arithmetical Trigonometry, 
' unto page 141. 2 
5. A very plain exad and ea(ie method 
how to make the Tables of Natural Sines, 
Tangents and Secants to any tRadins, or to 
Examine the certainty of any 1 ables alrea-' 
dy calculated , with ſuch Explications as 
renders the ſubje& thereof very intelligible, 
to page 170. | 
6.1 he ( onſtru@ion or making the Tables 
of Logarithms, by the beſt and eaſteſt me- 
thed hitherto found ont or publiſhed, in the 
ConſtruTion or Examination of which T a- 
\ bles the advantage of converting Diviſors 
| in- 
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zvto Multiplicators, an i ary 3s Jo. 


ther manifeſted, as far as page 201. 
7. The making of the Artificial, Sines, 


| Tangents and Secants, by brief but plain 


and * telgible Diredions. | 
8. And laſtly, The manner of ben "hl j 
ting thoſe uſeful Tables of Kandoms, or 
ns in Gunnery, by ſome called tables of |. 
orizontal diſtances, by an eaſte proporti- 
on which hath heretofore been publiſhed-by. , 
ſome and approved by others of good kyrow- 
ledge and eſteem, p 
Mi which is performed with as much 


| - perſpicuity and plainneſs, as the ſubjet# 


would admit, but if ſome things ſeem too 
prolix to the more Learned fort. 1 

the fault (if any) is pardonable, for that the 
matter herein contained was chiefly imtend- 
ed for Learners and not-for the Learned : 
although 1 doubt not but thoſe that have 


$ wade 2 conſiderable proficiency in the eMa- 


thematicks may herein find ſome things 
altogether new, and others probably which 
tay be both new to them and of good uſe, 
Thus having given @ brief account to my 
impartial Header both of the whole and its 
parts, hoping few Errors have eſcaped that 
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To the Reader. 


are material, For that there hath been great. 
care uſed 18 prevent the ſame ;, yet poſſibly 
ſome 'may have been overlooked , which [ 
hope the Readers Candour will prompt him 
to amend. For gs it is impoſſible to find a | 


_ 


man ' faultleſs, So is it likewiſe as difficult | 
to. find a book without Errours. 1o this. | 


1 may further add that theſe inferiour things 


. meeting with goad, [Reception may in due. 


tame - Incourage the publication of other 

more abſtruſe and ſublime ; which 1 
aoubt not but will be wery acceptable as well 
45 uſeful , to thoſe: eMathematicians of a 
higher ſphere, which as they are more know- 
ing and quick;ſighted, ſo a particular pre- 


rogative of honour and reſpe@ is due unto | 
them; 'and. care ſhall. be taken to preſent the 


rext in a better method and order ; and in 
the interim [ remuin, according to my po- 
wer, . a true Friend and well W 7{þey to the 


"Publick-Weal. 
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| Arithmetical Trigonometry , 
* OK OR, 


; The Doftrine of Right Angled Plain Tri- 
angles , performed by Natural Arith- 
7 | metick. 


Efore we proceed to the Calculation of Right Angled 
F plain Triangles by Natural Arithmerick, 1 ſhall pre-' 
p IJ mile as chic y preparatory thereunto. 


Thar having the Angles in any Righr angled plain Triangle, 

d aſſuming the Leg oppoſite ro the lefler avgle-to be 1,00, 

Ee, This following Rule, . will univerſally give the Hypo- 
etuſe and other Leg. 


171-902 The Ruleis, & 

Tvide 172 by the Angle oppoſite to the leſſer Leg, 

+ (which 2 muſt p ak. go ive 1,00 Ge. ) 

quare the quotient, from which abate 3, and Ex- 

' Fatt the Square Root of the Remainder. This Root 

ubſtratted from twice the _ one third part 

the Remainder 1s the Hypothenuſe ; and the Hypo- 

venuſe Doubled and Subſtratted from the ſaid Quo- 
nt leaves the other Leg. 


0 There- 


4 "> Arithmefical Trigonometry. 


| Therefore when ight angled plain Triangle is prop 
ſed for Solution bF this method, having the angles give 
þ * you mult hrſfnlvays aſſume Inother right angled yu Trith 
= . 2 : 


having -the-fame-angles with that propoſed, and rh] 
Leg oppoſite to the leſſer angle to be 1,00 &c. whereby fink; 
che Hypothenuſe and other Leg in that aſſumed Triangle bþ 
rhe toregotng Rule; which done, thoſe two Triangles, vits 3 
Thar propoſed, .and thar aſſumed, being alike are proporti 
onal by the ſecond of rhe 6th, of Euciid. Thar is, (obſery 
ing what fide is given in the propoſed Triangle.) As any 
one fide in the aſſumed Triangle, is to his correſpor 
ding fide -in che propoſed Triangle : So is any ' othe 
fide in the afſumed Triangle, to his correſponding fide qu 
| rhe. propoſed Triangle. Hereby-( comparing like fide 
| .. every fide in the propoſed Triangle may be exa&ly four 
* and this method fails nor to give the true ſolution to thre 
&-- or four places, which I preſume 1s exa&t enough for 
t Marriners uſe, for which ir is chictly intended ; bur if t& 
ations be conritiued to two or three places of Decimal 
the ſolution ſhall be exa& enough for any uſe. And where 
as in moſt Treatiſes of Trigonometry, the Doarine of Rig! 
angled plain-Triangles is uſually divided into ſeven Caſes 
yer if rhey be diſtingniſiied orify' "by rheir dara's they adm 
but of four, as follows, The firſt and ſecond whereof nd 
which the angles are given, are only ſolvable by the foregs ri: 
10g Rules. | ; of 
Note, That when the angles are given in degrees and n 
nures, thoſe minutes muft be reduced into Decimal par 
ſo having premiſed rhus much we fhall proceed to ; 


The Firſt Caſe. 
HE angles and one of rhe Legs being given, 
F To find the Hyporhenuſe and the other Leg. 
Example. 
In the Right angled plain Triangle AEC. : 
There p piven, : Fig. 


B 222 


m. . L +. 
BAC 33—42 or 3% de and BC : 


required, _——— 


. MO rPpa< Ws | 
5þ& In order to the Solution hereot. 
ved The firſt Operation is to find the HYothenuſe Acanl . 
Trithe greater Leg A b, in the afſumed Triangle A be, the an- *' 


"thples thereof being the ſame as in the propoſed Triangle ABC, 
fingviz, b A c 33,7, Acb $6.3, and the lefſer Legbc 1,0 &c. 


Ut 2 I72,0 9 I 

ord $37) 172.0 g,1 doubled is 10,2 

any — SI | 

Ow TY 255 Rem.divided by 3) 5,4 

tne 

e qu. of the quotient ' 26,01 Hypoth. A'cis 1,8 

des fu — 
Hypoth. doubl.is 3,4", 


ur >| 0 
hre 3 abated Remain. 23,01 (4,8 — 
| 16 Greater Leg A bis 1zg ©* 


f i yg mm—— 
al 88) 7or 
ere 704 
gh | 

fes 


ami The Second Operation, To find the Hypothenuſe AC, 
Ff Jnd the lefler Leg B C which is required in the propoſed 
cog riangle AB C. 

For the Hypothenuſe A C fay, 
mg, Ab: AB 7 : Ac: Ac 
BI 1,8 : 215.4 required. 
T, 


þ3 
I 

to 
Q 

FR 


Iz) 3996 (266,4 


—  —— —— 


99 


, | 96 j —_ 


> Cy — — 


7. 
%* 


60 


Arithmeticgl Trigonometry, 
T tie g B C ſay, 
Ab: AB: be : BC 
bs 7 2a2n's : 1,0" : 148 required. 
Ty Ot 
1,z) 222,0 (148 
72+ anſ-F A C1s 266,4 Þ which was 
— were BCis 148 __ F required. 
120 
© Note, Thar if you rogue more exaanel;, the work muſt 


he continued'ro' more places of. Decimals; as in the Examples 
following. 


i 2 2The firſt Caſe and ſecond E xample.: oe 


N the Triangle A B'C 5 3 Fig. 2 
There 1 1s _ if 


« *.'4, — 
m1 BAC 35-—48 or BY ACand BC | 
AB go required, Ac 2. 
The firſt Operation, To Find the Hypothenuſe A< an 
the/greater Leg A bin the aflumed Triangle Ab c, the an- 
gles bemg the 1ame with the propoſed Trois ABC, and 
che" leſſer Leg b c 1,00,” &c. 


As 


Dy 
be; 


bAc | Quotient is 4.67. 
d. > — 
6.8)192,0 1 (46674 * 7 . dgubled is 9,34 

mY ns 6% :-A-::; Root ſubſtra.- ' 4134, 


{2480 1p ITE; i: 
Em— * 3269. Rem, diyid. y Y 5,00! 


2720 2807 | po — 
1868 W Hypoth. Acis 1,69 


144 | 
qa. of the Quor. 21,8089" © \ " Hypoth.doubl. is 334) 
| , "Greater Leg Ab» 1,33' 


3 abated Remain. 2 8089 (9.34 _- 


oy 2 

1249...” 

"% © B64) _— Re 
Ls - 2455 | 


'and the lefler Leg B C, which 1s requi 


” 
b - 


 Arithmetical Triginometry. — 5; * 
The Second ; Operation, To find Hypochenats AC, 
in _ propylnd 


Triangle A BC, 
For the Hypothenuſe A C Gs 
a; Ab: AB : : Ac : AC 
* 1,33: go © : 1,67: 113 required 
90 


1,33) 159,30 (113 
TT 


143.01 FF aJiQOY 'F & 4) £1 / 
& % 
I 


For the Log BC required tay, 
Ab? AB; 'bc':: BC 
2,33 © ig0"..'2 i 1,00 :; 67,6 required, 
1,00 
1,33) 90,00 (67,59 
1020 anſ- ACis 1137 which was. 
wer B C 67,6 required... 


As 


190 


The foft Caſe Third comple 
\ 


Pra. ne Jo Fig. * & 
There is _— | Y 


BAC wo 36d 69,6 ; re- 
BC 212 quired, 


The firſt Operation, 'To-find the Hypotheriuſe pp tho 
greater Leg bcin the allumed* Triangle A bc the angles be- 
Ing the ſame_as in the Triangle A E C prope. &d, and the 
lefler Leg A b 1,00, &c, 


6  Arichietigal Trigonometry. 

'Acb <p GL uotient is 5, 658 
OOO gn $6 
30,4) 1912,0 ($5,658 doubled'is 11,316 

—_— 46,658 + [Root Subſtr. 5, 385 
2000 anio. oem erm emacs F p —_— ——— 
— 45264 Rem.divid. by. 3)5,930 
1760 28290 ——— 
33948 Hypot. A Cc 151, 997 
240 28290 A —— 


| Hypor. doubl.is 3, 9 
{qua.of the quot. 32,012964 = 


greater Leg. bc is 1, 704 
3 ſubſtr. Rem, 29,912564 (5,386 i wy 


%. | <5 


103) 4ol 
wo 
1068) 9229 
8544 
10766) 68564 
+: aqy00 -* 
n 3968 


The Second Operation, To find the Hypothenuſe A C and 
* theleſſerLegAB in the Triavgle A B Cpropoſed 
For.the Hypothenuſe A C ay, ' 
as be : SS 2 7 KE 7 aL 
1,704: 212 : : 1,977: 245,9 0r 246 required., 
212 an, 
3954 
1977 
3954 
1,704) 419,124 (2459 
7832 
IO164 
16440 


1104 | 


=, WW. 


Arithmetical 7 rig uy el P, : 7 D 


For A B the required >: ſay. 
be BU :; :*:4d : al 
1,704 : 212 : :Þ © I,00 ; T2444 Tequir. 
_ 1,00 , 
1,704) 212,00 (424,4 

4160 6 

7520 WOT recs 

a 108% 

224 


AS 


CA Cis 245,90 246). -: "we 
Anſwer ) And which was requt# 44 
AB 124,44 © FA bt 


— — 


The Fourth Example of the Firſt Caſe. 


" 
- "4 
* ” 
%V #22 


.C 


N the Triangle ABC Fig. 4- vo 2 
There is Given FEY bd ; 
Gs *.. 6. = : 3| : 
A CB39—23 0r 39,38 AZ 
And A C&BCrequred. 
AB g2 


The firft Operation, To find the Hypothenuſe 
Ac, and greater leg bc in the aſſumed Triangle 
Abc: having the ſame Angles with the propoled 
Triangle A B C, and the leffer Ab 1,00, &c. 

B 4 


” 
FX 


Acb 


\ 


'$ Arithmetieal Trigonometry, 
Acb = | 


Quortent is 4,358 


d. 
39,38 (192,00 (45368 : doubl. is 8,736 
— 43658 Root ſubſtr.. 20106 
14480 ; 


L  ORR—_ 
34944 Remdiv,by 3) 4,726 


26560 26208 — 
13104 Hypoth.Ac is 1,575 
3032 17472 —rmnm_— i 


ummm Ems nn ge. doubl. is 3,1 $0 
ſqu. of the Quotient 19,07$9424 greater Leg b c is 1,218 


2 abated Remain. 15,979424 (4,0099 or 4,010 fere 
: | 


Boog) 079424 
"2081 


80189) 734300 / 
721701 | 


12559 


The ſecond Operation, To find the Hypothenuſe A C, | 
and the greater Leg BC in the propoſed Triangle A BC; 


For A C the Hypothenuſe ſay. 


Ab: *ABr: Ac : AC 
1,00 : 92 :. © 1,575: 14459 required, 
92 


3150 
14175 


— —— 


144.9100 


I. — 


Crigoriometry. 

For B C the requited hes ſay. 
AD-7- ab Py be” BYE 
108: 92 |: 2 1,218: 112,1for,, 


A5 


»* 112,0156 


AC144,9 

Anſwer ; And Cui was required. 
BC 112,1 fere | 

Note, That for variety ſake, as alſo for better 

illuſtration of the aforementioned Rules, I havea d- 

ded more Examples in this Caſe, fo ſhall give 


fewer in the following Caſe, 
The Second Caſe. 
HE Angles and the Hypothenule being pive 
T To find the Legs; 4 
The firſt Example. £4106 
In the Triangle A B C Fig. 5. | 
There is given AS ').- Ss 
Wh G 


AC 182 14% | 
& 'w. | d. Ga B and BC required. | 
BAC 41-—42 Or 41,7 
The firſt Operation, To find the Hypothenuſe 
Ac, and the greater leg Ab inthe aſſumed Triangle 
A b c wherein the Angles are the tame as is propo- 
ſed, and the leſſer Leg b c 1,05, QC. CE 
C 


41,7) 172,0 


"mr of the | ha_ 


3 abated Remaind, 


Art 


= 299) ($2 04 


metical Trigonometry. 


/ | The Qaorient is 4,12 ; 
| (4, 26 doubled is 8,250 
ibs: + RECITE 3-744 | 


"20625 Rem.divided by BY 4,506 

8250 — 

412; Hyporh, Acis 1,502 
18.590, — 
"LR. Hypoth, doubled | Is 3,004 
I7,015625 1,» — 
greatcr Leg A b 15 1,121 © 


1491 5 25 (3744 


7] _ rer-(rf [3 io 4 


' F 
rh 


744) 3255.14 
| 7484) 28025 


The Second Operatidh: To find the two Legs AB and B C 
In the Tri lerA ropoſed, | 
"WES For wr gia 


AC 
182 
» T,I21 


1469 2:7 | nz] 5 
2976 | 
, 28336 

os Lep A A 4 | 


{ 
[ Note * 135.8 required. 


192 


354 
I 52 


''-. 182 


1,592) 204,022 


(1358 


$382 


$762 


— — 


I2520 


594 


For the lefler Leg pe ſays 


_s Ac } AC IT be : B Crequir. 
ry62*? 1823 :*2* t,00 2: 121;27 Or 
| 1,00 ; (121,2 
1,502) 182,00 (121,17 
ek © WR 
1760 
» ' :25%0- | 
10780 
ABis 135,8) _. 
Anſwer < And which was required, 
(BCis121,2) | 


The Second Caſe, aud Second Example. + 


{| 
T'N'ithe Triangle ABC Fi 6. 
There 1s given al! + 
| ” £2” I / 
BAC954-18 or 54,3? AL __ 2bls 
And ABandBC required, 
AC 193 


The Firſt Operation, To find the Hypothenuſle 
Ac, and the greater leg bc in the aſſumed Tap 
Ac b, in which the Angles are the ſame as in rhe 
propoſed Triangle A BC and the lefler leg A b 
1,00 QC, | | 

| Acb 


12 


Ach / | Quotient is 4,318 
d. a ' oY ws, Go — | 
35,7) 172.0 * ©, (4:818” © dobibledis! 9,636" 


jr arts toe 4,81 8 Root ſubſtr « 44495 


2920 On r—t—_ 


32544 :; / one third Rem. 5,140 
4318 TR — | 
38544 Is the Hypoth.A c 1,913 
; 3 I9272 2? ; 


k, w — —- Hypoth.doub. is 3,426 
Iu. of the quot. 23,213124 
RT —— greaterLegbc is 1,392 


UP 
- = * 


$ 3 abated Remain. 20,213Y24 (4:496 9 
"Y .. 
-"* 84) 422 : | 
889) 85ur , - 


8001 


. 8986). 53024 
| | $3916 
The Second Operation, To ;find the-Legs ABand B C jn 
the Triangle A B C propoſed ; © 
For A BtheleflerLeg ſay: 
Se 2idC:;: AD, AS. 


” 1,713: 193 . : 100 3 = 112,67 required. L301 
wt op 1,00 0 IA 
1,713) 193,00 (11367. 
1118890; 
4570 


C———_————_—— — 


11440 


ACLILUM gig FLILV. 


as For B Cthe greater 12s fay: 
6 &c :- AG be - ,* "BE -— wks x 
's AS 1,713 : - 193 :: I,392 :) 156,8 required. "Y 
— ki I93 ; 4 
fo) 
— 4176 \ 
3 12528 TY 
T” 1392 £ 
* 1,913) 258.655. (156,83 . >; /,,,, US 
2 — 
— a” . anſwer... . 8 
— F aBls 112,67 and 28 
11706 BC 1455,8 
which was requirec 
14280 | » | 


#12 7% 
\ 


Q 63 __ 


The” Third Caſe 
HE Legs being given,/ 'To find the Hypothenuſc and | the, k | 


4, 


| ” angles, by 
: Fiſt Exanpl LY 
\ In the Triatigle ABC. , | Fig. » 
There 1s Given ,_ | 
« — ET 'A C and BAC 
BC 54 C are required. tht 
Far the Solution of this Caſe, 


Firſt find the Hypothenuſe A C by Exrtadion' of the 
{quare-roor, to- perform which, 


The Rule 1s. 


Square the Legs (everally, and add their Squares rogether, - £8 
Extraft the Square Root of that Sum, which Root is 33 
.the OPENER required. Ho 4 
, EE. 


. 
| 


Arichneticl Ceigionntey? 


= 


/ ; 
' The Operation. 
Leg ABis 81 \ LegBCis 4 
Squared 81 © Mulrtipl, in it ſelf $4 
81 | 216 
648 270 


The ſquareof A Bis 655r TheSqu. of BC is 2916 
The Squ. of BC add 2916 


The ſquareof ACis 9477 (97,3 A C required. 
81 


OO ————— 


187) 1377 
1309 


6 I 543) 6800 


Secondly , Having found the three Sides in any Right 
angled 2 Triangle, the angles may be thus found, viz, 
ger the Sum of the Hypothenuſe, and half the greater Leg ; 
Then the proportion is 

As the Sum of the Hypothenuſe and half the greater Leg, 

Is to the lefler Leg. So is 86 | 

' To the angle oppoſite to the lefler Leg, 


The Operation. 


The Hypothenuſe AC is 973 
Half of A B the greater Leg is 40,5 


The Sum is 137,8 


OO ——— CO ———— 


_  Arithmetical Trixinometry, 25 3 
The Proportion-to find B - C the lefler angle oppoſite to 
the leſs Leg, BC 


AS137,8 : 54 : en :  BACrequired. 
4 " » 
4 _ 
— 344 
6 430 
| —_—_— i 4% 
'T 137,83) 4544 (337 Or 33--42 15 the ang.BAC 
5 , _ 
_ $100 
9660 
AC15 97,3 T4 m. 2 which w 
97> . . ( 45 
Anſwer BAC 33,7 or 33--42 : required, 
The Second Example of the Third Caſe. 
Ir : /] C = 
| JN the Triangle A BC / | Fig. 8. 
& There 1s given / 
4 AB61FACandACB Fi 
, BC87 $ required. DF De. B 
The Firſt Operation, To find A C by the Care Roor. 
The Leg A Bis 61 The Leg BC 87 
Which ſquared . 6x multipl, in it ſelf 87 
GI 609 
366 696 
The ſqu. of ABis/ 3721 The ſqu. of BCis 9569 
| Theſqu.of BC add 5569 
' qu. Hypoth, AC 11290 (106,2 js AC required, 
I 
206) 1290 
1235 
2122) 5400 


LY 


. \ <q 2 4 + +' 
. D 4 
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ry 
= 
- 

þ 
o 
Ky 
3 . 

- 


The Second Operation, To find A C B. 
The Hypothenuſe AC is 106,2 


The half of the greater Leg BC 43,5 ro 
The ſum is 49,7 
The Proportion is Tre 
4 A th 
AS 1497 3 618 : : 86 : 35,04 or 35-02 the an = 
, 61 Cale ACB required, 
25 Tl 
gI6 
14947) $245 (35:04 
71550 
—— | 
=. 6500 S 
512 T 
Ns AC is 106,2 and ; : 
Anſwer d. d, m. >which was required, 
ACB 35,04 or 35,02 
The Fourth Caſe. 
fi 
H E Hypothenuſe and one of the Legs being given. | C 
To find the other Leg and the angles, F 
; p A 
The Firſt Example. 
In the Triangle A B C. 4 
There 1s given, 
AC112?ABand ACB: 4 
AC 57 rcquired, 
For. 


= 


\s 


"oY 


For the Solution hereof, Firſt find A B the Leg requi- 
red by the ſquare Root. To effe& which, 


«*. The Rule vs, 


Square the Hypothenuſe and the given Leg (everally, and 
from rhe ſquare of the Hypothenuſe, ſubſtra& the ſquare of 
the Leg. Then Extra& the ſquare Root of the Remainder 
which Root is the Leg required. 


The Operation. 
The Hypothenuſe ACis 112 The givenLegBC $57 
Which mulr. in ir felf 112 Which ſquare $57 
224 399 
| I12 285 
I12 


' The ſqu. of ACis 12544 The ſqu.of BC 3249 
| The ſqu. of B C ſubſtr. 3249 —— 


The {qu.of the Leg A Bis 9295 (96,4 1s A B required. 
81 | 


186) 1195 
1116 


1924) 7900 
7696 
204 
Secondly, Having the Hypothenuſe and the two Legs, 


_ the angle oppoſite to the leſſer Leg as before in the 38d. 
aſe, 


The Operation to find B A C. 


The Hypothenuſe ACis 112 
Half of the greater Leg A Bis 48 


— 


The ſummis 160 _ 


C 
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* Arithmetical Trigonometry. 
d. 

25 2460 - ;' 97: : V6 2 | 20,6 

$7 


602 
430 


W— _ 


150) 4502,0 (39, 5 


anſwer 

1020 CFAB19g6,4and 4d.n. 
ACB$9 4.4 m. or 59,24 
which was required, 


CO A Es een th Fe nee een, 


The Second Example of the Fourth Caſe. 


N the Trizng'c AB C ®: bs 
There 15 given 
AC: $10 2BCend A CB re- p, <f 
AP 87 F gaired, A —— Ig 


The firft Operation, To find the Leg B C, by the c ſquare 
Root, as in the foregoing <xamplc. 


A Che Hypothenaſc ts 119 The Leg AB1s 87 
which ſquare 119 winch ſquare 87 
1071 609 

I19 696 

II9 - 
— go ﬀfAB 7569 
The {quire of AC is 14151, 
The ſquare of A E ſubſtr. 7559 


Squ. of the Leg B C1s 6 5 $92 (81,2 is BC required. 


* Arithmetical Trigonometry. 


The Second Operation to find BAC. 


The Hypothenuſe ACis 119 
Half of A B the greater Leg 15” 43-5 
The Sum 1s 162,5 BCk 81,2 
d. _ 
as 1C22y 3- Shen :| 2 80 2. 49 
86 
4972 
6496 
a 


162,5) 6983,2 (43 fot, is B A C required. 


4832 


2 BCis 81,2 and ' 
Anſwer d, which was required. 
ACE 47 fre | 


Thus much for our Efiay and method: oftered for the per« + 
formance of the Do&rine of Right angled plain Triangles, by 
Natural Arithmetick(wrrhout the Tables of Natural Sines and 
Tangents) wherein all che Examples here added, where the 
Operations are continued to two or three places of Decimals. 
- The Solution thereby ſeldome difters above three or foyr 
| Centiſms, and ſometimes leſs, from their Logarithmical So- 
lutions, which evidently manifeſts the certainty of this me- 
—$ thod hefore any hitherto made publick. Now follows the 
Dodctrine of Oblique angled plain Triangles. 


= _ra 


20 


Arithmetical T rigonometry , 
OR, 
The Dodtrine of Oblique Angled Plain 


Triangles, performed by Natural Arith- 
metick. ; 


angled plain Triangles is uſually divided into five Caes, 
bur being diſtinguiſhed only according to their Data's, 
admit of no more then theſe four, which hereafcer fol- 
- Tow; of which the three firſt wherein the angles are given 
may be reſolved by thoſe Rules already delivered for Right 
angled plain Triangles. In order whereunto the Oblique an- 
gled plain Triangle propoſed, muſtfirſt be reduced into two 
Right angled plain Triangles, by letting fall a perpendicular, 
which muſt always fall from the end of a given fide, and op- 
poſite ro a given angle, the angle joyning to the given ſide, 
fo will the given fide become the Hypothenuſe and the given 
angle the angle at theBaſe. That wherein is given the fide and 
angle may be called the firſt Triangle, the other the ſecond, 
this being premiſed we ſhall proceed to the firſt Caſe, 


| which it is obſervable, That the Doarine of Oblique 


_— —_— 


The Firſt Caſe. 


Wo fides and an angle oppoſite to one of them being 
| given, To find the third fide and either of the other 
angles, 


Fir 


Firſt Example. 


In the Oblique angled plain Triangle ADE. © 


There is given. F oe Y 
AD68 @. he 
DAE 41,2 FA E and A E Drequired, Fig.II, 


DE 79 


Note, That in all queſtions pertaining to thix Caſe, the 
perpendicular being let fall according to rhe former Rules, 
always falls upon the required fide ; therefore if the greateſt 
ſide be required, it falls within, as in this brſt Example. If 
either of the other rwo ſides withour the Triangle, as in the 
ſecond Example, & then the fide upon which it falls muſt be 
continued, and for the Solution thereof there is always the 
Hypothenuſe and the angles known, in the firſt Triangle to 
find the Legs, is in the ſecond Caſe of Right angled plain 
Triangles, which done, there will be the Hypothenuſe and 
one of the Legs given in the ſecond Triangle, ro find the 
other Leg and the angles, by the fourth caſe of Right angled 
plain Triangles. 


| In this Example aforeſaid ; ADB. is. the firſt Triangle, 
wherein the Hypothenuſe AD is 68, &the angle BAD 4142 4. 
To find the Legs AB and BD. 


Therefore the firſt Operation is for the aſſumed, Frian- 
gle Adb, correſponding the firſt Triangle ADB, as, having 
. . the ſame angles therewith, and the lefſer Leg bd 1,60 &c, 
To find the Hypothenuſe Ad and the greater Leg A b. 


C 3 | 41,2) 


"29 Arithmetical Drigonometry. 


Quotient1s 4,175 


d. _ 
41,2) 172,0 (4175 doubl. is 8,30 
_ 4-175 Root ſubſir. 2,799 | 
720 ——_ > 
—_ = 20375 : of the Rein.. 4,591 
3080 29224 _ 
— ' 4I75 Hypoth.Ad 15 1,517 
195 16700 — 
—_ — goubl. 1s 3,034 


{qu. of the Quotient 19,430525 preater Leg Ab is 1,141 


3 abated Remain. 144430525 (3,799 
& 
67) $43 Bo 
459 | 
749) 7406 
6741 


7589) 66525 


The fecond Opcration, To find the Legs A Band BD, in 
The firſt Triangle &' B'D 


«4 


For A B the oreater Leg ſay. 


Sf nk; AD! i -i Ab: 's & B 
1,87 : 68 - $$: 1,141: $114 required, 
68 


2 
———————_——— 


0128 
6846 


1,517) 77588 (51,14 AB 
4 1738 
221 


oo n . wg _— }. 
- . "Pp; KISS ;- +owft l 
r I | p . .” A. gan | $ 8 : Fs . 


5 
a For B D the leſſer Leg ſay, 
; Ad AD bd BD 
| 1,419: 68 :: 1,00 : 44,8 required, 
is 1,00 
[ 2 4 HAD" 
4 1,517) 68,00 (44,8 
& 7320 
4 (Pa 
1252 


Then in the ſecond Triangle E D B, 

There is givcn, | 

DE the Yyporhenuſe 79 2BEandBED 
and-D B rhe perpendicular 44,8 $ required. 


Firſt, Find BE by extrafon of the Square Root, as-in 
the fourth Caſe of Right ang'ed plain Triangles. 


The Operation, 
The !!vpothenuſe D Els 75 The Leg BDis 44,8 


W:i:ich ſquare 79 which ſquare 44,8 
Ihe | 
7 711 3584 
553 2790 
= 1792 


Squ, of rhe Hypothenuſe 6241 
Squ. ofthe Leg, BD *'2007,04 Squ, of BD* 2001;04 


— _—— 


The ſqu, of the LegB E 4233,95 (55,07 1s BE requir. 
36 


Secondly:c 
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zmefical Trigonometry. 


Secondly, Having found the three Sides, find the a-gh 
BE D oppoſite the lefler Side B D, as in the third ar 
fourth Caſes of Right angled plain Triangles. | 


The Operation. 


The Hypothenuſe D E is 79 
Half of the greater Leg BE is 32,5 


The ſum 15 | i —_— BDis 448 | 
/ ; d. * 
ASIILLs 9 © 44:8 : 86:5: 34,58. 1 
25 , 
2688 ' 
3 584 
th d. > me I 
111,5) 3852,8(34,55 or 34—-33 BED, 
+ — 
5078 
6180 
60g 
Linto A B the baſe 1n the firſt Triangle 51,14 
Add BE rhe baſe in the ſecond Triangle 6 5,07 


__ 


The ſum is A K which was required 116,21 


inſwer AEis 115,2 and 
a. & a which was required, 


AED 34,55 or 34—33 
The 


Arithmetical Trigonometry. © 25 


The Firſt Caſe and Second Example. 
| 


-\ 
N the Triangle A DE + Y Fig. 12. 
There 15 given. WE 
DE 82| &, 4A P.. 
ADE '106,3 $ AD and DAE required. 
AE 120 e 


In ihis Example the perpendicular DE (according to the 
foregoing Rules ) falls without the Triangle, and the requi- 
red Side A D upon which 1t falls 1s continued, then s DEB © 
the firſt Triangle 3 wherein is known the Hypothenuſe D E 
* 82, and the angles, viz. B D E, 93,74. (the Complement of 
ADE to 180 d.) and DEB 16,3, d. To find the Legg E B 
and DB : So that preparatory to Solution, | 

The firſt Operarion 15 to find D e the Hypothenuſe, and be 
the greater Lep in the aſſumed Triangle, Dbe, which is equi- 
angular tothe firſt Triangle DE B, and the leſs Leg thereof 


D b 1,00 &c, : 
Quotient 1s 10,552 © 
d, _ 
16,3)172 (10,552 doubled 121,104 
———— 10,552 Roor ſubſtr. 10,409 
9:0 ———— a———_ 
_ 21104 one third Rem.10,69g 
8560 » $ $2960 —— 
— 62960 Is the Hypoth.D e 3,555 
35 105520 


= —— Hypoth.doub. 1s 95,130 
ſ{qu. of the quot. 111,344704 _ 


ercacerLeg bc is 3,422 


2 abated Remain. 108,344794 (10.499 
l 


ot eons ——  —_—_—_—_———ne 


204) 0834 
815 


— 


| 20809) 184704 
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The Second Operation, To find the Legs BE and B Dj 


the firſt Triangle D E B. 
For BE the greater Leg it holds, 
De : DE: be;\.3 BE 
” 33565: 82- : 3,422: 58,7 required. T1 
82 Tt 
273709 
3,353) 280,504 (78,71 
31054 
- | $5540 th 
385 
For BD the Icfler Leg, ſay. 
+. De DE © Db DB 
TRSs ij; $2. : 2 go : 23 required. 
1.00 AS 
3:555) 82,00 (23 
10700 
5 
Then in the ſecond Triangle AEB, There is given, 
AE the Hypothenuſe 120 7 To find A Band Fe 
and B E the perpendicular 78,7 $ BAE, - Sy 
The firft Operation is to find A B by the ExtraRion of 
-- the ſquare Root. FT 
The 


- Arithmetical Trignometry. 27 © 


, The Hypottzenuſe AE 120 The LegBE 58,7 


) * Which ſquare I20 Which ſquare 58,7 
2400 5 $09 
120 6296 
Moos 5509 
The Square of A E 4400 —_—_—_— 
The Square of BE ſubſtr. 6193.69 6193,69 


Remains the Squ, of A B _—_ 1 (90,59 or go, 6 fere is 
(AB required. 


Aa" ml 
9025 
1810) 160500. | 
The ſecond Operation (having the three Sides) to find, .qz} 
the angle B A_E, oppofite to the lefs Leg B E. | 


The Hyporhenuſe AE is 120 
Half of A B the greater Leg 15 45,23 


The Sum ts 165,3 BE is 98,71 
AS165,3.; 58,91 : : 85 : qi djrre1s BAErequired., 
85 
47220 
62558 
16s; 3) 676s ,06 (41 fere 
15,706 


From AB the baſe in the ſecond Triangle go 4 
Subſtrat DB the baſe in the firſt Triangle 22 


There Remains AD which was required 67,5 


Anſwer AD is 67,65 and Þ which was re- 
DAE 41 d, fere quired. 


Nate, 


28 Arithmetical Trigonometry. 
Note, That in all queſtions apperraimng to this Caſe, viz 
Wherein two fides and an angle oppofire to one of them i 
given, the angle oppoſite to the other gigen fide is ſome 
times duhjous,zand may be either acute or obtuſe ; that is, f 
the given angle be oppoſite to the greater of the given fide} 3: 
the angle oppoſite to rhe other given fide is acute, as in rh 
rwo preeceding Examples, | 
Bur if the given angle be oppoſite to the leſſer of the gi 
ren ſides, then the angle oppoince ro the other given fidej 
doubtfal, and may be eicher acure or obruſe ; 
 - And when the Caſe 1s doubtful, che third fide 1s alfo vz 
rious, according as rhe angle oppoſite to che other giva 
ſide is required, whether acute or obtuſe, as in the tw Sq 


. Examples following. 
#H = 
The Third Example of the Firſt Gaſe. 
| B." 
N the Triangle ADE DP. m2 Fig. 14 
There 1s given V..y 
DAE ; 54 ” - oh : 
AE 1c8 SAD and ADE required obtuſe:. a 
DE 7o 
In this Example, the angle ADE being required obtuſe _ 


the Solution falls in the Triangle A DE, 

And then (according to the foregoing Rules) the pet 
pendicular EB falls without. npon the required fide A D con 
rinued, ſa that AEB is the firſt Triangle, wherein the Hype 
thenuſe AE and the angles arc known, to find the Legs Al 
and B E; Theretore 


The firſt Operation is for the aſſumed Triangle A eb equi 
angular to the 'arſt Triangle ABE, the leffer Leg b e bein 
1,c0 &c, To find AE the Hypothenuſe, and A Þ the great 

Leg. 


36:4] 
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{ 
\ ; The Qaorient is 4,859 
if 4. : 
172.0 859 doubled is 9,918 
of 354) 172 (29s Roor lubſtr. yen 
' 3040 _ 7 = PPS Ba 
| — 43731 Rem. divided by 3) 5,178 
4 2080 24295 RR 
4 ; — 28892 Hypoth. Ae is 1,726 
: Zlo 19436 — 
_ Hypoth. doubled is 3,452 
"F Squ. of the Quot. 23,609881 —_— 
a — greater Leg A bis 1,407 


3 abated Remaind. 20,609881 (454 fot. 
16 


85) 460 
425 


4 994) 359881 


The Second Operation. To find the Legs AB and B Ed 
in the Triangle A B E. 


For A B the greater Leg, the proportion is, 


Wac : Air 23 AD ec AB _ 
of 1,726: 1038 : : 1,497: 83 required. 


" 108 
F W256 
| 14070 
n 1,726) 151955 (88,04 
n; 13376 


tot Wt CDMA 
6800 
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x 


' . For BE the leſſer Leg it is, 
S | 


As Ae AE be 4 
1,726 7 108 : : 1,00 : 62,57 required. 
1m I,00 


| 28. - we 1,926) 108,00 (52,57 


oo bt Y A —— - 
© 
T7 , | Ow 
_— 4440 
— © 7 Ce bg ' 
+» = "+. : 4 PIES 
: "#.X : 


1250 


” f 


Then in the ſecond Triangle DEB. There is given 


DE the Hypothenuſe 70 2 To find B Dand 
and BE the perpendicular 62,57 $S BDE 


The firſt Operation, Tofind BD by the Square-Root, 


The Hypothenuſe DE 750 'The Leg BE is 62,5 
which Square 70 which ſquare 62,5 
_ EG 4 
: Squ. of the Hypoth. 4900 43799] + 
"% Squ. ofthe Leg BE 3915 2128; 
? ———— I2514 | | 
| Squ,of the Leg BD is 9*s, (31,4=B D 37542 
4: 9 —— - 
'N _ 391 5,0049 
| 61) 85 
| 61 


Y —_ 


FAC IJ , > 
224} £400 


nf kh = Am 
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The ſecond Operation to find the angle BED oppoſite to 
the lels Leg B D. * 


. # TheHypothcnuſe DEis 750 
Half of B Erie greater Leg 1s 31.3 


"4 


The Sum 1s 101,3 B Dis 314-415 


”_ 


| Fi "6 4 
As 101,3 : 31,4 '« 2 85 +: 26,65 * ah 
85 
1884 
2512 | 
-.. th & = 


101,3) -2700.4 (26,56 or 26—39 6B ED required,  * 
the Complement whereof ro 


6744 g0 d.is 63 4.21 m. BDE and © 
— — the Complement of BDE to : 
6560 180 4.15 116 d. 39 m.the 
ORGAN: obruſe angle A D E required. 
28] 5238 


—4 From A B the baſe in the firſt Triangle 88,04 
1994 Subſtr, DB the baſe in the (econd Triangle 31,40 


+ | There Remains AD which was required 55,54 


—| Anſlw. AD is 55,6 and d. m, 2 which was re- 
49 ADE 116,65 4.or 116,39 F. quired, 


If the angle oppoſite to the given fide A E, had bcen re- 
quired acute, the Solution would have fallen in the Trian- 
gle AdE, wherein. AdE would have been the angle and Ad 
the third fide required, thus found, iz. the perpengicular 
EB (agreea'le to the foregoing Rules) would have fallen 
within, And ABE would have been the firſt Triangle ro 
find 


32 - Arithmetical Trigonometry, 


find AB & BE as before as alſo BdE(equal BDE is the ſecond 
Triangle, therein to find the arggſe BDE ( —T BDE 634 


2 Jags.) and the fide Bd (equal BD 31,4 
Tia, 


Unto AB the baſe in the firſt Triangle 88,04 
Add B d the baſcin the ſecond Triangle 31,4 


The ſum is Ad which was required 119,44 


[— 


— 


— —— 


The Fourth Example of the Firſt Caſe, 


Pp 
N the Triangle A D E. | Fig. 14. 
There 15 Given , Aa | 
4. FP AL BIEE 
AED 37,6 WM ©] 
AD 63 $AE and DAE required acute. 
DE g1 


In this Example, becauſe the angle D AE is required 
acute. The Solution falls in the Triangle ADE, and (ac- 
cording to the foregoing Rules_) the perpendicular DB talls 
within thc Triangle, and then EDB is the firſt Triangle, in 
which the Hypothenuſe DE, and the angles are known to 
find the Legs EB and DB, bur 


The Firſt Operation, is for the aflumed Triangle Edd 
equal angled to rhe {tr{t Triangle E D B, and the leſs Leg db, 
1.00 To find the Hyporhenuſe Ed and the greater Leg 
E b. 


37:6) 


ld 


— 


d 


which done 35 


ſq 


th 


AQ. 


Ce 


d 


d. 
37:6) 172,0 


Arithmeticat Drignomble 


ho hee 42 Tm 


(dera 
4574 
2160 _—_— 
—_—C 13296 
2800 32018 
— %!} 
1680 18296 


ſqua.of the quot. 20,921476 
— greater Leg.E b is 1,298 


The ſecond Operation, To find the Legs E Band D Bin 


— — —— 


82) 192 
164 


2814 '/ 


843) 


I $29 


3abated Rem. 17,921476 (44233 
| 16 


8463) 28576 


Firſt, For E B the greater Leg it is, 


the firſt Triangle E D B, 
Ed ED 
As 1,638 91 


1,638) 118,118 (72,11 


Eb 


1,298 
91 

1298 
T1652 


3458 


Rvor Subflr. * 


Rem.divid.by 3)4,915 


Hypot. E d is 1, 638 


|: 


Hypot. doubl.is 3, 276 


72,1 required. 


1820 


192 
D 


| \ Secondly, For the leſſer Leg D B ſay, 
E d ED d b DB 
As 1,638 : g1 : : 1,00 : $5,g6 required. 
1,00 


1,638) 91,00 (55,56. y 


SHIOO F. 
0100 


.. ll 


9100 


Then in the ſecond Triangle ADB, There is given, 


The Hypothenuſe AD 63 ? To find A Band 
& BD the perpendicular 55,55 © BAD. 


The firſt Operation, To find A B by the ſ{quare-Root. 
The Hypothenuſe AD is 63 The Leg BDis 55,56 


Which multipl. 1n it ſelf 53 Which ſquare 55,56 
189 - 33336 
378 27780. 
{+ | 27780 
The (qu. of the Hypoth. 3969,00 27780 
The ſqu.of the Leg BD is 3086,91 — — 
| 3086,9136 , 
The ſqu. of the Leg AB is 882,09 (29,7 1s A B required, - 
One c 
49) 482: - ” 
: 441 Fe 
” f 
587) 4109 ( 
4109 


O 


35 © 
The ſecond Operation is (having the three ſides) to fin 
the angle A D B oppoſite the leſs Leg AB. | 
The Hypothenule AD is 63 
Half of DB the greater Leg 15 27,78 


Ont Om —_— 


The Sum 15s 90478 AB is 29,7 


As 90,78 : ws * : 86 : 28,14 deg. ADB 


| 1982 
2376 . 
. DAMP TRY I | 
00,78) 2554,2 (28,14 or 28—08 ADB required the 
) 25542 ( ; Complement: whereof to 
73860 90 d. is 614. 52 m. the 
— — TT ang DAE required A- 
12360 cute, 
3282 


Unto EB the baſe in the firſt Triangle 72,1 
Add AB the baſe in the ſecond Triangle 29,7 


OR > — —  ——— 


The ſum is AE the fide required 101,8 


« In this Example, if the angle oppoſire to the given fide 
DE, had been required obtuſe ; the Solution would have 
been in the Triangle a DE, in which D a E would have been 
the angle, and a E the third fide required. And then (ac- 
cording to the former Rules) the perpendicular D B falls 
without the Triangle, and EDB would have been the firſt 
Triangle, To find E B and DB as befere, afid aDB ( _ 
ADB) the ſecond Triangle, therein to find the angle BaD 
(equal BAD) 61 4. 52 m. and the fide a B (equal AB) 29,7. 
ng done the obruſe angle D a E and the fide a E is thus 
2 VIR 


D > From 
"* 


3 - 


Remains the fide aE required 


2997 


n———nnrnnrnnn———_——_— 


424 


nom _—_— 


6 


The anſwer 1s DAE 61 4. 52 nn. and 
AE 1s the third fide 101 


Theanſweris DaE 1 18-08 and 
a E the third fide is 42 


d. 


Therefore if the angle at A be required acute. 


+ 


Burt if the angle at A be required obtuſe. 
a 


4 


From EB the baſe in the firſt Triangle 72,1 
Subſtra& a B the baſe in the ſecond 


&-. 
And the Complement of Ba D 61—52 to 180 is 118—d 
the angle. Da. E required obruſe. 


arg. "IS - 

ADE 118,8 or 118—42 

DAE 26,7 or 26—42 
And AD 85,5 


RR” 


. ® # 


; 


The Second Caſe. 


AEandDE re- 


quired, 


| The Firſt Example. 
 Tnthe Ovlique plain Triavele ADE. There's given 


cl 


7 E angles and one fide being given to find the other 
two fides. | 


\ Fig. 19 
eaP 


«i, 
[! \ 


Note, That in all queſtions pertaining to this Caſe the 
the perpendicular (agreeable to. the former Rules) will a 
ways fall upon one of the required fides, if either of the le 


___ > A A . » ac _ a _ © mobo mon 


© KK we 


& # 


Arifthmetfical Trinohometry 


ſer ſides be givenir falls wichin, as in this firſt Example ; but 
if the greateſt ſide be given it falls withour che Triangle, 
upon either of the required fides being continued, asin the 
ſecond example : and towards Reſolution thereof, chere 1s 
always the angles and the Hypothenule' given in the Firſt 
Triangle,to find the Legs as in the ſecond Caſe of Right an- 
pled plain Triangles : and in the ſecond Triangle, you ale 
ways have theangles and one of the Legs known, to find the 
the Hypothenuſe and other Leg,as in the firſt Caſe of Right 
angled plain Triangles. 

In this Example ADB is the firſt Triangle wherein the 


Hypothenuſe AD is 85,5 and the angle BAD 26,7 dig. To 
find the Legs AB and DB, and in order to the Solution 


thereof, 


The firſt Operation, 1s for the aſſumed Triangle Adb equi- 


| angular to the firſt Triangle ADB,and the lefler Leg db 1,00 


&c. to find the Hypothenuſe A d, and the great Leg Ab; 
Quotient is 6,442 
d ULICS-4 1/r008 


26,7) 172,0 (5,442 doubl.is 12,88 
7) _ 644 2 Roor ſubſtr. Py, 
1180 _ 
1288 | z ofthe Rem: 6,579 
1120 25768 ——— 
_ 25768 Hyporh.Ad 1s 2,226 
$2 28552 — 
- _— doubl. is 4.452 


ſqu. of the Quotient 41,499354 greater Leg Ad 1s 1,990 


3.abated Remain. 33,499364 (6,205 
35 


122) 249 
£44 -, 


12405) 59354 
D- 3 


"4 


. : 


3B n Arithmetical Trigonometry. 


. The firſt Triangle ADB 


The ſecond Operarion, Tofind the Legs A Band D B,j 


Firſt For A B the greater Leg it holds. 5 
As Ad AD Ab AB 
2,226 : 85,5 I,c9 75,43 required, 
1,99 | 
,7695 
7695 | 
855 * 
2,226) 170,145 (75,43 
14325 bo 
9690 | 
786 ; 
Secondly, For BD the leſſer Leg the proportion js, 
a, Ad + AD bt. BS | 
2,226 5; 85,5 : 5 1,00; 38,41 required. : 
' hoo - | ! 
———__ | 
2,226) 85,500 (38,41 q 
18720 
E; 20 A 
216 
Then jn the ſecond Triangle EDB. There is given | 
BED 34:54. 7 DE the Hyporhenuſe, and BE the Bak 
DB 38,4 required, 
* The firſt Operation is, for the aſſumed Triangle Egb equi- 
angular tothe ſecond Triangle EDB, and the lefler Leg there- 
of gb 1,00 and to find wow Hypothenuſe Ec and the greate! 


3h 


,! 


? 3 abated Remaind. 21,8601 96 (4675s 
g 16 


| 


| 


: 
: 
: 


| 
| 
| 
| 


Arifhmetical Trigonometry- 29. 
The Quorient is 4,986 


d. — — 


172,0 ,986 doubled is 9,972 
_— Ye Root ſubſtr, — 
3400 To mY — 
29915 Rem.divided by 3) 53297 
2950 39888 

w— 4 Hypoth. Ec1s 1,766 
190 I — 
- {imo Hypoth. doubled is 3,532 


Squ. of the Quot, 24,860196 


Ir ——_— — 


greaterLeg E bis 1,454 


86) $586 
$16 
927) 9Jool 
6489 
9345) $1296 
46725 
4571 


The Second Operation. To find the Hypothenuſe DE and 
B E the baſe in the ſecond Triangle E DB, 


Firſt, For D E the Hypothenule ſay, 


So be : BD : :i Ke. + DE 
1,00 : 34,8.: : 1,765 : 679,81 required, 
38,4 


——P_o—_ NN OO 


7064 
14128 
5298 


1,00) 6781144 (67:81 


4 


Arithmetical Trigonometry, 
LE: v 
Secondly, For BE the baſe it holds, _ ? 
a; bg "WD 1 WS 27 WA 


* 1,00. : . 38:4 -: 1,454 3 $5, 84 fergs p 
| " 38,4 ; £ 
_ aqr—— 
S o $516 
| 11632 
4352 


__ ——  —— @— 


' 1,00) 55,8335 (55,4 


Unto A B the baſe in the firſt Triangle 56,43 
AddEB the baſe in the ſecond Triangle 55,84 


RI — ————_— 


b 

RJ ; ; —_ . 

J The ſum 1s AE required 132,27 - 
; 


Anſwer F A E is 132,3 fere and Q which was 
DE is 67,5 required, 


[1 


The Second Example of the Sevens Caſe, 


7 4 
N the Triangle AD E C iy, £30 Fig. 16 
There 1s given | 
L 2 K5- v- Mgt 4 
AE 124 e £' 


AED 39,35 d. SAD and DE required, *- 
ADE 112,54 d. 

In this Example the perpendicular (egnonile to the fore 

going Rules) falls wirhout the Triangle, and may either ff 

from A upon DE continued, or from E upon A D contin 


ed, as it 1s here done from E, and AEB is the firſt ri 
5 where 


Arithnietical Trigonometry. © 41 
wherein A E the Hypothenuſe is 124, and the angle BAE 
28,15 deg. To find the Legs A B and BE, Therefore 


The firſt Operation is for the aſſumed Triangle Aeb equi- 
angular to the firſt Triangle AEB and be the leſſer Leg 1,00 
&c, To find the Hypothenuſe Ae and A b the greater Leg, 


The Quotient is 6,11 at 


d. —_ 
28,15)172,00 (6,11 doubled is 12,22 
——— 6,11 Root ſubſtra. 5.85 
I 611 Rem. divid. by 3) 6,36 
2850 Gl1 — 
m— 6 Hypoth. Ae1s 2,12 
 ——_— _ 
ſqu. of the Quot. 37,3321 Hy poth.doubl. is 4.24 


© Grearer Leg A b 1,87 
3 #bated Remain. 31,3321 (5,86 
_ 


, 108) 933 
854 


1156) 6921 


mt — vt A Af. SS TT 


— 


ee eos 


The Second Operation, To find the Legs AB andBE in 


he firſt Triangle 4 E B. 
Firſt for A B the greater Leg ſay. 


Ma, 4 AE Ab AB : 
"212 : 124 » 2 1,859 : 09,4 required. 
1.87 
868 
992 
124 
b 2,12) 231.88 (109,' 8 
T 1988 


80 
IS; 


42  Arithmetical Trigonometry. - 
; Secondly, For B E the leſſer Leg it holds. , 
”u Ae AE be BE 
2,i2 3 24 2: : 1,00 : g89, required, 
1,00 k 
2,12) 124,00 (58,5 | 
1800 


104 F 


Then in the ſecond Triangle DE B. 
There 1s given, 
a 


; C74 

BD E 67,5 the Complement of ADE 112,5to 18c) and 
BE the perpendicular 58,5, To find D E che -Hypothenuſe 
and UB the baſe; So thar, 

The firſt Operation is for the afſumed Triangle Dca equal- 
angled ro the ſecond Triangle DEB, and D a the lefler 
; Leg 1,00 To find ac the greater Leg, and Dc the Hypothe- 

. uſe, Dca the angle oppoſite to Da the leſſer Leg is 22,5 deg, 
: Quotient is 7,6 44 
22,5)172,0 (7-644 _ doubled is1 5,288 

—— 74544 Root ſubſtr. 95,445 


1459 Ke wes a 
i 39576 Rem.divid.by 3) 7,843 
1-00 30576 nnm—— 
45854 the Hypoth.Dcc 1s 2,614 
1000 $3508 —_— 


- Hypoth.doub. 15 5,228 
ſqu. of the quot. $53,4309736 —_— 
—— greaterLegac 1s 2,416 


3 abatcq Remains $5:439735 (13445 
49 


144) 643 
576 


1434) 6707 
5936 


14885) 77136 


TH 


The Second Operation to find the Hypothenuſe D E and 
the lefſer Leg D Bin the ſecond Triangle DEB. 


Firſt, for the Hypothenuſe-D E It IS, 


| as Ac BE Dc DE required. 
5” 416 2 os þ .2 2:614 2: 69 
13070 
20912 

d 13090 
© 2,416) 152,9190 (63,3 fere 
[- 7959 
'Yl | 7110 
, Secondly, For the Leg D B the proportion is, 
MF: Da DB 


2,416 : 585 7; 3 1,00 '; 24,2 required, 
\ 1,00 | 


2,415) 58,500 (24,21 


| ————— — 


10180 


PP ——_ 


$160 


EB DO ————— 


328 


From AB the baſe in the firſt mou 109,4 
Subſtra&t DB the baſe in the 2d. Triangle 24, 2 


| There Remains A D which was required 85,2 


Anſwer DE is 63,3 and ? which was re- 
AD 85,2 quired. 


The 


44 Srithmetical-Trigonometry;- 
The Third Caſe. 


WO Sides and the angle between them, being Given, 
To fad rae third fide, and the other angles, 


of Firſt Example. D 
In the Triangls ADE: There is given. -* 
A — 


4 


AE 125 Wo -: 
AD73 d. : DE, ADEandAED required, Fig, 
DAE 31.4 


In all Queſtions that falls under the conſideration of this 
Caſe, the perpendicular ( by the former- Rules) alway 


 beacureit may fall eicher within or withour rhe Triangle: 
bur if the given angle be obtuſe, it fails without upon cicher 
cf re given ſides being continued, Then'in the firſt Triar- 
gle you have always the Hypothenuſe and the angles giva 
ro hnd the Legs; and 1n the ſecond Triangle there 1s the 
Legs known, ro find the Hypothenuſe and angles, as in the} 
third Cafe of Right angled plain Triangles; | 
In this Example the given angle being acute the perper- 
dicular falls either within 'or withour the Triangle, herel 
have ler 1r fall within. And ADB is the firſt Triangle in 
which the angle BAD 1s 31.4 4. and Ad the Hypothenule 78, 
To find the legs AB and BD fo that towards the Soluticn 
hereof, 


The firſt Operation is for the aſumed Triangle Adb equ- 
angular to'the' firft Triangle ADB, and the lefſer Leg db 
1,00 &c, To find the Hypothenuſe A d and the greater 
leg AÞ. 


314) 


falls upon one of the given fides:; and if the given angle} 


3 


, 


45 


Arithmetical Trigoitometry. 


4. The Quorient i 15.5 478. 
1,4) 172.0 $47 
i > a eth6o—0t _— being doub. is 10,956 
1500 — Root c lubfir,” $497" 
" nen——— 43824 
| 2449 33346 Rem, divid.by 3) $4759 
— 29 =__ 
| 242 27390 Hypoth. Ad is 1,920" © -<* 
ſqu, of the Quot, * $30,008484 Hypeth.doud. is 3,840 
5 - - « greaterleg Abis 1,638 
177 3 abated Remains 27,008484 ($5,197 
2 
hi | ORG 
6 Io1) 2,00 : 
» &... '--+ Joh ww 
e 1029) 5984 
w-| 9261. 
a 10387) 72384 
he The ſecond i Operation to find the legs AB and BD i in the 
its firſt Triabgle ABD. 
_ Firſt, for AB the greater leg ſay. 
=. Ad AD Ab AB 
i 192198 ': :; 1,638 : 66,5 required. 
8, 1-1 
10 i: 
13104 
I14656 
i 7 UPI 
h 1,92) 127,764(66,54 
r CC ———_—_ 
1256 
1044 
840 


a6 Arithbmetf cal Trigonomefry, 
From AE the whole baſe in _ Triangle 126,00 
Sabſtra& A B the baſe in the firſt Triangle 66, $4 


— ——— w——— fi 


There Remains EBthe baſe in the ſecond Triang, 59,45 


Secondly, for BD the leſſer Leg it holds. 
I Ad AD bd BD 


; —_ © 77 | 40,5 required. 
1,00 ; 
1,92) 78,00 (49,62 
. 200 
480 


Then in the ſecond Triangle EBD. There is given 


DB the perpendicular 40,52 and Þ To find DE the Hypothe 
EB the baſe $9246 nuſe and the angles, 


The firſt Operation to find DE by the ſquare-Root. 
TheLegEB is $9,46 The Leg DB 40,6 
Which-ſquare $9,45 . Which ſquare 40,6: 

35576 8124 
23784 24372 
$3514 162480 
29790 rs 


— . 659,98 
The Squ.of E Bis $3535,4916 wry 
The Squ.of DB added 16 59,9844 | 


C—_—__ 


The Squ.of DE is $195,476 (7 2,09 fere DE required 
49 


14409) 114760 


pres "__—_ 


The todo Operation is (ktowihg the three' ſides, To 
find the angle BED oppoſite the leſſer leg BD. 


The Hypothenuſe DE is .. 72,0 

Half of BE the greater Leg is 29,7 4 
The ſum is 101,8 43 

The lefſer Leg BD 15s 40,6 


As 101,8 : Of 2 2 86 : 34,36 
6 


2436 
, 3248 
) 34916 ( n 3 fo Ty 8 the 
101,8) 34916 (34,3 4 or 34—1 
424 9H” ired rhe* Com 
| 4376 —_ whereof to:go 4 is 
| — $5 4.42 m. the angle BDE, 
- 3040 
| | 


d.- mM. 
Then unto ADB in the firſt Triangle 58—36 
. Add EDB in the ſecond Triangle $$—42 


> —— —— 


Sum is the angle ADE which was required 1 14--18 


| 
| d. a. 


, DE is 72,1 AED TY a 
ane | : d. .., d. WEE was 
and ADE 1 ike or 1143 required. 


The 


Axie9mettcal Lrigonometry- 
-The Second E xample of the Third Caſe. 


N the Triangle A D E. Fig. 18, 
There 1s Given 


As 
AE 122 
DE 75 #+AD, ADE and DAE required 
AED 33,44. 


Inthis Example becauſe the given anglc is acute, the per. 
pendicular (agreeing with the former Rules may fall either 
within or without the Triangle as in the laſt Example, but 
for variety ſake I have here ler it fall without, ſo that EAB 
becomes the firſt Triangle,in which the angle AEB is 34,4 & 
and the Hypothenuſe EA 122. To find the legs EB and Ba, 
therefore, 

. * The- firſt Operation is for the aſſumed Triangle E a d cor- 
reſponding ithe firſt Triangle EAB, a d the leſſer leg being 
x,00 tofind Ea the Hypothenuſe and Ed the greater leg, 


. The tentis &«, 
- quotientis 5 as As 


244) I72,0 (5 being doub. is 10,00 
———— g The Root ſubſir, 4,55 + 


00 
The Squ. of thequor. 25 Rem.divid.by 3) 5,31 


——_——e Et 


Im 


3 abated Remain 22 (4,59 The Hypoth.Ea is 1,77 
> 

— Hypoth, doub. 1s 3,54 

86) 600 —__ i 

516 The greater LegEb is 1,45 


OT 


929) 8400 
8361 


39 


Arithmetical Trigoriometry. " 4g. 
The ſecond Operation to find the Legs E B and BA-in the 
firſt Triangle E A B. 
Firſt, For E B the greater Leg it is, 


Ea EA Eb EB 
1,77 3: 122 2: : 1,45 2: 10096 required, 
1,46 


As 


os 


1,57) 178,12 (100,64 fete. 


| BBI—_—_— _—  — 


— OY DI == 


1120 10 .,vpz 2tT 
$8. 


: Secondly, For AB the lefler Leg it holds. 


As Ea EA ab 5 2x00 
1,99 * 129 : : 1,oo : 68,9 required, 
1,00 | 


1,77) 122,00 (68,93 fert- 


T;80 


| 


1640 


47 


From EB the baſe in the firſt Triangle 100,64 
Subfira& the given fide DE 75200 


The Remains D B the baſe jn the 2d, Triangle 25,64 
E 


" 56. Krithitiekical Trigottometry, 


Then in the ſecond Triangle DAB. There is given. 


AB 68,937 To find A D and 
DB 25,64 F B AD, 
The firſt Operation to find AD by rhe ſquare Root, 
© TheLegABis 68,93 The Leg DB is 25,94 
Which mult. init ſelf 58,93 Which ſquare 2864 
20979 10255 
62037 I 5384 
$5144 I2820 
41358 _ $128 | 
The Squ. of A B 15 4751,3449 $57:4056 


PO OE” 


The Squ. of DB 1s 657,4096, 


The Squ. of A Dis $408,7: 46 (73254 isA D required, 
eres 49 


———— RO —— 


143) 508 
{ .i $29 


< = 
—_- 


1443) 7975 | * 
MPN 0857589 21 ; : : -o8 


14704) 65045 A 
$8816. .-< } C0:62. 


— 


6229 


The ſecond Operation is having the three ſides to find the 
angles. 


The Hypothenuſe A D is Yn 73,54 
Half of the greater Ly A Bis, . 34445 . 11 wy 
The Suh is UN Y 
Horns OR | 


The leet LegDB is 2 8-64 t 2711, 1514 41 


meme 


Il 


At 


Arithiietical Trigonothiefry, — ft 
As 108 : 25,64 ; 7 85 : 20,4 deg. BAD, 
fs) 


15384 
20512 


| — d. 4. M. | 
103) 2205,04 (20,4 or 20—-24 is BAD the Coms 
- —— plement of which to go &. is 
' 480 -» 69 4. 36 m. the angle ADB. 


is_ b C35 


_- - 


The Complement of ADB to 180 4. is the angle ADE 
110 4,24 which was fequired. ER 


ER _ — 


WW > 8 


« mM, ; 
AD is,735.ADE 110,4 or 110--24( Which was 
_ "I a, . Ms +3 ,requireds. 


and DAE. 35;2 or 35—=12.. IB 


fa OC K+ II 


—_— ——— "* 


A 


The Third Example of the Third Caſe. 


]* the Triangle A D E. | 
There is Given : Fig. 19. 


d. 
ADE 109,3( AE, DAE and AED 


AD 38s required, 
DE 73 | 


In this Example (the given angle being obtuſe) the per- 
4 pengicular (agreeable to the former Rules) falls without the 
} Triangle upon either of the given ſides continued, here E 

aye let it fall rom A upon DE contioued, hereby DAB be- 
| E 2 COMES 


To find thelegs AB and DB, therefore, 


ſqua.of the quot. 79,423744 


gabated Rem, 76,42 3744 (8,742 
64 


169)1242 
1169 


1744) 7337 
6976 


Im—_ 


17482) 36144 


52 Arithmetical Trigonometry. 
comes the firſt Triangle wherein is given AD the hypothe 
+ 86,and ADB 90,7 4. (the complement of ADE to 1804) 


The firſt Operation is for the, aſſumed Triangle 
__ angled with the firſt TriangleQAB, and the leſſer le 
Db 1,00 and to find Da the hypothenule,and a b the great: 


leg thereof. 
Quotient is 8, 912 
d. — 
19,3) 172,0 (8,912 doubled is 17,824 
; 8 1912 Root Subſtr. 8, 942 
1960 _ 


—— 17824 Rem divid.by 3)9,082 


230 8912 : 
80208 Hypot. a D 153, 027 
37 71296 


Hypot. doubl. is 6, 054 


— greater Leg. ab 152,85 


A 


' Arithmetical Trigomometry. $3) 
The ſecond Operation, To find the Legs A Band D Bin 
the firſt Triangle D A B. 


Firſt, For A B the greater Leg the proportion 1s, 


, aD AD a. a] 
if As 3,027 : 86 : : 2,858 B81,2required, 
t 25 . 


b 
] 
bn +2 Ix 


17148 
22864 


3027) 245,788 (51,2 ſert 
3628 


6010 


Secondly, For DB the leſſer Leg the proportion 15, 


as 4D AD Db DB : 
3.027 : 86 : 2 1,00 : 28,4 required. 
1,00 
3,027) 86,00 (28,41 4. LntoD E 93 

_Y Add DB 28,41 
25460 

— The Sumis EB 101,41 
12440 
332 


Then 1a the ſecond Triangle E A B, 
There is Given, 


| 
EBthe baſe 101,41 and } To find AE the Hypothe- 
AB the perpendicular 81.2 nuſe and the angle AEB. 


E 3 The 


54 Arithmetical Triganametry. - 


The firſt Operation to find AE the Hypothenuſe by the 


ſquare-Roor, 
TheLeg EB is IO1,4 The LegAB 81, 
mulr. in it ſelf - 101,4 mult. in itſelf 81, 


4056 | 1624 
IOI4 812 
I0140 6496 


- ——— ſquofABis 6593.44 
The Squ.of E Bis 10281,96 


The Squ.of AB added 6593344 _ 
The Squ.of AE is 16874,40 (129,59 AE required. ; 
I 
22) 68 4 
44 
249) 2474 © " 
2241 
2589) 23300 
23301 
The ſecond Operation is (having the three ſides) to find | 
the angle AEB oppoſite to the leſſer leg A B. 
The Hypothenuſe AE is 12949 
Half of the greater Leg EP fs 50,7 Tr 
The ſum is 130,6 
| EL Po Ree dic 
oy : the 
The lefſer Leg AB is 81,2 | this 


JE Te A rithy ofical Triat amof 


As 180.6 : 81,2 : + 86 : 38,94. 
85 


4872 
6496 


10,6) 6983,2 (38,7 4d. fere ABE required. 


I$652 
12040 


AE 1s 125,9 OT 130 | 
Anſwer < A ED 38,74. fereor 384.41m, pwhich was res 
and DAE 32 4. quired. 


The Fourth Caſe. 


= fe £ three Sides being Given, To find the angles. 
Firſt Example. 

In the Triangle A DE, There is given. 

| AENNS | 


AD78 CAED and ADE required, Fig.20, 
D E 62 


For the Reſolution of this Caſe, reduce the Oblique plain 
Triangle into two Right angled Triangles by*letting fall a 
perpendicular, which may either fall within or without the 
Triangle without limarion, that fide upon whichthe N- 
dicular is let fall is the baſe. Then to find the-baſes 1n both 
the right angled Triangles, firſt find the alteradte baſe by 

| this proportion, viz. was | 


E 4 "Ag 


As the true baſe, is to the ſum of the two ſides ; foist 


difference of thoſe ſides, To the alternate baſe : When 


perpendicular is let fall within,this alternare baſe is the dif 


rence of the baſes, and when the perpendicular falls withoy 


it is the ſum of the baſes in the two right angled Triangle; 


So that having the true and alternare baſe, ſubſtrat rhe leſe 


from the greater, and the perpendicular falls in the middt 
of the remainder, therefore half the remainder is the hai 
in the leſſer Triangle, and half the remainder added to th 
alternate baſe if its the leaſt,or to the true baſe if its theled 
gives the baſe in the greater Triangle, and when the pe- 
pendicular falls within, the true baſe is the greateſt ; w 
without the Triangle, the alternate baſe is the greateſt, 

Thus having found the baſe in each Triangle, there is th 
baſe and hypothenuſe in either known, To find thepe- 
pendicular (which is common to both) by the Square Roa, 
which done, then is the three fides in each known to find 
there angles, 


For better illuſtration of what 1s here premiſed, I (hl 
let fall the perpendicular within in this firſt Examypl 
and without the Triangle in the ſecond . So that in thi 
firſt Example the perpendicular D B 1s let fall from) 
the greateſt angle, upon A E the greateſt fide, and deſcn- 
bing the Semi-circle Z E X, with the extent DE theleſl 
fide, upon D as a Center, then is A Zthe ſum, and AX vr 
difference of the two fides ADand DE, alſo AE the true bat 
and A N the alrernate baſe, being here the difference 6 
tween the baſes A Band BE. 


The firſt Operation is to find A N the alrernate baſe. 


| The two ſides. 
DE 1s 62 


AD 159 


Theſum 15-140 equal AT, 
The differ.is 16 equal A X. 


tam. 4 


| 


4 


PR | — b—_4 PR | A $4 


a_— 
[ — -_ 


—— TT” Sz ” OS =o r= 


2 00 00 .E_ 3 #-L 


IIS 


_ 5 oi 2; $i ta RE Pa 
& il 4 «4 ” | v,- 1 > a" 


The Proportion, 


"5 11 a&3 - AX c-Al: 
A: 112 s 140 : 416 : 20 the alternate baſe. 
16 r 


840 
140 


112) 2240 (20 


3 
From AE the true baſe 112 
SubftraRt AN the alrcrnare baſe 20 
The Remainder is N E 92 half whereof, 


the Baſe BE in the leſſer Triangle 45 
lnto which add AN the altern.baſe 20 


The ſum is the baſe AB 66 in the great, Triangle. 


The ſecond Operation to find DB the perpendicular. 
The Hypothenuſe DE 15 62 The Baſe BE is 45 


Which ſquare 62 which ſquare 45 
I 24 276 bi 
—_: * - 184 
Squ. of the Hypoth. DE 3844 Squ.of Big 2116 


Squ. of BE ſubſtr. 2115 


Rem, the ſqu, of DB 1928 (41,57 is DB required. 
15 


81) 128 
81 


825) 4700 
4125 


8307) 57590 


Tae 


7 


The Third Operation to find the angle BED in the rig þ 


angled plain Triangle EED, 


The Fypothenuſe DE 15 5 2 
Half of EB the greater leg 1s 23 
The Sum 1s 28 
© DB cheleſſer leg 1s 41:57 
, As 85 : 41,87 : : 85 : 42,14.theangle BED, 
86 
24942 
33256 


85) 3575,02 (52.1 4. fere the Complement where. 
of ro go d.is 47,9 d.thear 
I75 ple EDB. 


50 be 


The fourth Operation to find the angle at A in the right þ 
angled Triangle ABD, þ 
| I 


The Kypothenuſe AD 78 
Half of AB the greater leg 1s 33 I 
The Sum 1s 111 - 


DB the leſſer leg 1s 


1TILLDNSHEELL Vo - 


As 11I : at,o7 : : 86 : 32,24, the angle BAD. 
06 


deg. 
111) 3575.02 (32,2 4.the Gompl.whereofto go 
245 15 the angle ADB 57,8 
mm —_ add che angle ADB 49,9 
230 | — 
————  fſumis the angle ADE 105,7 
8 which was required 


The Second Example of the Fourth Caſe. 


| IN the Triangle ADE, Fig. 21. 
There 1s Given 


AE 10g 
AD 69g >DAE, and ADE required. 
DE 58 


In this Example,l have let fall the perpendicular AB fram 
the angular point at A without the Triangle upon the fide 
DE continued which' is here the baſe. 


Therefore upon A as a Center with the extent of A D the 
leſſer fide, deſcribe the Semi-circle XNZ, then is EZ the 
ſum, and EX the difference of the two ſides AE and AD, 
alſo DE js the true baſe, and NE the alcernate baſe, bcing 
now the ſum of the baſes BD (equal BN) and BE. 


The 


, 


Arithmetical Trigonometry. 


T4 | Operation 15 to find EN the alternate baſe, 


The two Sides, 


* F & 31 A \ _ b T 
es X 64 4 , IO5g 
We AD ' 69 
B+ © The ſum ig 174 equal to EZ 
© nt "Xl — 
". Thedifference 15 35 cqual to E X Then ſay, T 
* - 4 moos T 
- 4 "tk 
” As DE EZ EX EN 7 
3 : 174 : 3: 36 : 108 the alternateBaſ 
35 
1044 
f $22 
. £ , 
| At 
58) 8254 (108 
45 þ + 
O 
From EN 108 the alternate Baſle, 2 
Subſtract ADE 53 the true baſe. 


— 


— 


There Remains DN &go 


Half whereof is DB 25 the baſe inthe lefſer Triangle, 
Linto which added DE $8 the true baſe. 


Tac ſum is BE 83 the baſe in the greater Triangle 


CC —_— 


The 


CET 


Wes” 
The ſecond Operation ro find AB the perpendicular7/ BY 
' The Hypothenuſe AD is 6 bo The leg DB is 28% 7% 
Which ſquare 69 Which ſquare $ Ty of n, 
= 
621 Tra 2 
414 oh 
The ſqu. of A Dis 4765z Theſqu. DB is 
The ſqu. of DB is 625 n—n—_—__n—_ 


" The (qu. of A B is 41 36 (64,3115 AB required. 
36 


124) $35 
456 


1283) 4000 
3349 


is1 


The Third Operation to find the angle at Ain the Tri- 
angle DAB. 


The Hypothenuſe AD is 69 
Half of AB the greater Leg is 32 


The Sum is FOI 
DB the leſſer legis 25 


On men 


62 Arithmetical Trigonometry. 
As 101 37 = ::86 : 214.28 n. theangleBl 
'8 


I50 
200 


101) 2150 (21,28 4. or 21d. 17 m. the Compl 
—_— ment of which to 90 4. is the ang 

130 ADB 68 4. 43 m. and the Com 
— ment of 62 4. 43 m. to 1806 
290 1114.17. the avgle ADE require 


The fourth Operation' to find the angle AEB in the Th 
angle E AB. 

The Hypothenuſe AE 1s 0g |, 

Half of EB the greater leg 1s 41,5 


The ſum 1s 146,5 
AB the leſſer leg 1s 64:3 
AS 146,5 : 6443 :: 85 : 37,75 d. theangle AER: 
85 
3858 
$144 
1465) 5529.8 (37:75. or:37 d:45 m. the Comple 
————— - ment of which to go&b 
11348 $52 4, 16m. the angle BAE 
—— — from which ſubſtra&t 216 


10939: 17 m.theangle. BAD, tethiln- 
———= - deris 30d. 53 mn. the ang 
6750 DAE which required. 


Anſwer ADE is 111 4: 197 #.and Þ which was 


DAE 1s 30 4. 53 mn required, 
Fins Coronat Opus» Th 


Arithwetiedt Erigonometry. 63 

Thus much for the Dofrine of oblique angled plain Tri- 
angles by Narural Arichmerick, Whereby all the uſual 
Caſes therein are reſclved without Tables, and no further 
burdenſome to the memory, then the remembrance of three 


_ or four lines which is inconfiderable. 


— 


And it may alſo be obſerved, That all the atiſwers for the 
foregoing Examples, in the ſeveral Caſes of oblique plain 
Triangles rarely difler three Centiſms from their Logarichmi- 
cal anſwers ; yet notwithſtanding if any ſhall be ſo critical 
(or rather prejudicially prepoſſeft) as ro cavil at what 1s 
here undertaken, alledging ir redious, or that the riſe there- 
of was from Snellius, or Mr. Collins, and long (ince made pu- 
blick by them. To which my anſwer is, I muſt need ac- 
knowledge my ſelf very much beholden to thoſe worthy 
Men, whoſe Works was a means that this was brought ro 
light 3 yer neither of them has given any Rule whereby to 
reſolve a right. angled plain Triangle, having only one of the 
ſides and the angles given withour the aid of Tables. There- 
fore ler ſuch as cavil or raife obje&1ons as aforeſaid, bur frame 
a better or moreexpeditious way from Snellivs his Rule and 
Demonſtration, os by any other means of their own wirthour 
Tables, and then I ſhall very ſubmiſhvely crave their par- 
don ; , otherwiſe I may expe& their tavourable Conſtrufion 
of what T have here publiſhed. 


I ſhall forbear the application of plain Triangles, to any 
parts of the Mathematicks ; preſuppoting the Reader to have 
made fo far an Introdu&tion in ſuch Sciences as to do thar 
himſelf, bur if nor,ſhall refer him to ſome Authors already 
extant ; many whereof have {o well performed ir, chat now 
ic ſeems almoſt impoſſible ro add any thing more that is ma- 
terial or uſeful, Yer how advantagious this method may be at 
Sea in caſe bothbooks and inſiruments be loſt, and how con- 
vemient on ſhore in taking alritudes and diſtances, when the 
Tables of Natural or Artificial Sines, Tangents and Loga- 
richms are wanting, I ſhall leave to the impartial PraRticioner 


to Judge, 
And 


6 —Arithmetical Trigonometry 


And leaſt any into whoſe hand this may come, ſhould: 
at aloſs for want of a competent knowledge in Deciny 
Arithmetick. T have hereunto ſubjoytied a ſhort bur fil 
Treatiſe thereof, together with the ExtraRtion of the Squar 

- Root. So that the Reader may herein befully provided and 
- fitted with what js moſt neceſſary and percinent for perfor 
mance of the preceeding Work. 


Decimal Arithmetick. 


Ecimal Arithmertick derives irs name from the in- 
rent, or meaning of the word as implying the 
-inreger (whether jr be Money, Weight, Meaſure, 
Time or Motion, @&c.) ro be divided-into 10 
equal parts, each, of choſe parts ſub-divided into xo equal 
parts more, and each of thoſe into 10 again, &c, ad infiti- 
tum. $0 thar hereby rhe integer 15 divided into 10, 100, or 
1000 &:.equal parrs,which'are the Denominators to the De- 
cimal Fra&tions.& thereſore rhey wh<ther alone or joined to 
whole Numbers are ſeldom expreſt, but only the Numera- 
tors, which are diſtinguiſhed from the whole numbers by a 
Comma, thus (, ) having always for their Denominators 
an unite with as many Cyphers annexed to it, as their are 
Decimal places in the Numerators, as in theſe being joyned 
to whole numbers, viz. 3,2 : 33»75 : 125,632 and ſuch 
like, which are read chus, 3 integers, and 2 tenths, 33 in- 
tegers and 955 hundred parts, 126 integers, and 632 
thouland parts, &c. or in-theſe being alone, viz. ,s : 225: 
,645, &c, are read thus, 5 tenths, 25 hundred parts, 645 
thouſand parts, &. hence its appparent that,, The deno- 


minator 
"To 
of< ,25 1s 100 


6451s 1000 


p- 


* Fr he like denominators have thoſe joyned to whole numbers; 


| N Decimal Fra&ions”, the value or Denomination of 
every figure or Cypher decreaſes by a tenfold proportion, 

prom the units place xowards rhe right hand, 'as the whole 

FPumbers do increaſe towards che left hand, as in the follow- 
Pig Table, | 

4 F 6—hun-. 


Decinal Arithmetick, 


L 
B 
_ Le 
& © 
oy 
Ga 
© 
ps 
E: g 
E Z 
— & S _g; 
3 4 : 
= » 8 Oo 
E & GY | 
2 8s = Vw MM 
Ga O . is ry & £ 
oO -< 8 7 gg 8 @ C0 6 
$5 A s I EE 5& m7 
v SS & © SS 7. 
= = ; 4/0 (4 H WY 
SOBEL ES BY 
E-+L E)E=s 6+ 5 = k - 2 
ET XxX24:/3-4 1208 
C1 CY © ;-© ll | $.:-4 9:3 
Therefore Cyphers annexed to a Decimal Fradion - 
not his value. As thus 
550 
500 
45000 


Each being equal to 5 tenths of an integer. 

The like jg to be underſtood of all others negieRing tit 
cyphers as infignificant ; bur, | 
Cyphers prefixed to a Decimal Fraction decreaſes 


value by a tenfold proportion : 
5 s Tenths ld 
Og .. Js Hundred partsof ami 
As thus 00s -w 5s Thouſand reger Of | 
,000g s Ten Thoyſand | 


35 10 
Here the denominator of 


— 


top 


, 
Ll 


Addition and SnbſtraTion of Decimals. 


N Addition or SubſtraRtion of Decimals, (whether alone 
or joined tro whole numbers) obſerve to place every fi- 


ak 


Y 


gure (as well of the Decimals as the integers) under that of 
the like value or place, that 15 tens under rens, and hun- 
dreds under hundreds, &c. Then add or ſubſtrat as in 
T integers of one denomination, diftinguiſhing from the Sum 
# or Remainder, ſo many figures for Decimals as are the moſt 
Decimal places in any of the given Numbers. 


Examples in Aaadition. 


Add 45,2 : 67,3 : 19247 + 20,0 + and 34,1 inches toge- 
ther, They are thus placed for Addition, 


Add I25,3 : 


together, 


Sum 


46,15 : 


Sum 


Inches. 
4532 
67,3 

I 92,7 
20,0 


34,1 
35923 


——— _—_— — 


3049s : 120,05 8 409,26 feet 


Feet, 
I25,3 
45,I5 


304295 
I 20,06 


409,26 
1008,72.- 
Þ 2 | Add 


68 Decimal Arithmetick. | 


Add together 135.5 : 59,24 © 224,08 7 145,3 5 4250 
and 29,125 degrees, | 


Degrees. 
1355 
$9324 

224,08 | 

146,3 
4251025 ry 
© 
Faure. nab M 
Sum 1019427 ſt 
0 rap m: 
. pl: 
Examples in Subſtraition, "8 F- 
ar) 
From 495,75 feet, Subſtrat 358,425 feet, Thus placed, F 
c 
feet. art 
From 4957s a 
Subſtrat $368,425 ” 
= _ w 
Remains 127,325 ar 


Subſira& 29,76 degrees, from 43,025 degrees, 


degrees. 
From 43,025 
Subſtrak 29,736 


Remains 123,287 
The proof of Addition and. Subſtration of Decimals, 


the fame as of Addition and Subſtraction of whole numbes 
w vulgar Arithmerick, 


" Decimal Atithmetick. 


eMultiplication of Decimals. 


N Multiplication of Decimals (whether the numbers be 
Decimals alone or mixt numbers, that.is Decimals an- 
nexed to whole numbers) having placed the multiplier un» 
der the Mulciplicand, proceetl therewirh 1n every reſpet as 
Multiplication of whole numbers of one denomination ; di- 
ſtioguiſhing from the produ& on the right hand thereof a 
many figures for Decimals, as are the number of Decimal 
places in both the given numbers. 

In Mulriplication of Decimals alone (that is when the 
Factors are each leſs then an unit ) the. produ& thence 
ariſing is always leſs then either of them, 

Hence it ofren happens that after Multiplication is finiſh- 
ed, there are not ſo many figures in the produ&, as there 
are Decimal places in both the Fatgrs. Then in ſuch caſes 
prefix as many cyphers on the left hand of the produ as 
will ſupply that defe&t ; and this defe& will always happen 
when either one or both of che Fa&ors, or given numbers 
are below the firſt place of Decimals. 


Examples in Multiphcation. 


FaRors F 81,3 » $80,34 
3437 $799 
691 290170 
3252 406238 
2429 2321 36 
Produt - 2821,11 | 27566,1 50 


—_ uu — 


6,75 


Decimal Arithmetick. 


6,75 \ 225 
225 I'S 
3375 75 th 
I350, 25 aft 
— I EN a F or 
1,6875 20325 
OLI R Dy C— th 
| PIE thi 
2476 307293 ro 
9245 £0453 pl: 
m———— thi 
2380 21875 | by 
I904 36465 ov! 
952 £9172 
200145620 ,0003303729 
/Intheſe three laſt Examples there wot arifing ſo may 


figures in the produRs, as there are Decimals placts ine} Pri 
two FaRors, the places wanting are ſupplycd by prefixin 
cyphers, according to the foregoing Rule. 


Note, That whien a Decimal Frafion or mixt numbers 
to be multiplyed by au Unit with cyphers annexed thereto, 
(as 10, 100, 1000, &«c.) it 15 but removing the comma, 
many places further rowards the right hand 1n the Mulripl-4 F1 
cand, as there are cyphers annexed to the unir. Thus i | 


7552 were to be multiplyed, by | i 
affe 
10 7,6 52 : ſpe 
x65 (< Fhe produ8 )765,524 The like of al} qu 
1000 ( will be 765,2( others, © ©. 
TO009 76 52 


"rial 
1 JULY 


al Arithmetick. , %7 


The Proof of Multiplication. 


Multiplication may be proved Gus, viz, Firſt make acrols, 
then colle& togerher all the ſignificant figures in each FaRor 
after the manner of Addition, and as often as it ariſes to9 
or more, caſt away 9 and carry the Remainder to the nexc 


figure, and fo proceed till all rhe figures are finiſhed ; 


; 
) 
: 


, 


the two laſt Remainders, one on rhe right, and the other on 
the left hand fide of che croſs. Multiply thoſe remainders 
rogether, and from their produR caſt away all the . g's, and 


place that Remainder over the croſs. Laſtly caſt away all 

the g's (after the ſame manner) out of the produ& 

| by the two FaRtors, and if this Remainder be equal E 
overthe croſs, the operation 15 true 


% 


Example of the laſt preceding. 


—_ ,07293 * 
»00453 A Proof, 


Produ& 0003303729 FR 


_— 


Diviſion of Decimals. 


JT Diviſion of Decimals (whether they be Decimals alone, 
or mixt numbers) having placed the dividend and divi- 
for, according to that manner of divifion which you moſt 


| affe&t in vulgar Arichmetick.. The operation is in every re- 


ſpe the ſame as in whole numbers, diſtinguiſhing from the 
quotient towards the right hand, ſo many figures for Deci- 
mals, as that the number of Decimal places in the diviſor 
and quotient, may be equal to thoſe in the dividend. Or 
(if you pleaſe) rake this Rule equivalent and agreeing with 
the former, in diſtinguithing the true value of the gyr__ 


| 72 Dect 1 Arifhy 


TS. 


Obſerve under whar place of the dividend the unites pla 
in the diviſor will be found. And of the ſame place or & 
nomination is the firſt figure in the quotient, whecher whe 
number or Decimal ; 

' Here note that if neither the dividend nor* diviſor «y 
fiſts of any Decimals, yer if there be a Remainder after th 
diviſion 1s finiſhed, it 1s neceſlary to conrinue the work\y 


annexing cyphers to the dividend, till you have as 


Places of Decimals inthe quorient as you deſire, or az 
"accuracy of your caſe requires: and in this Caſe how | 


ters as is annexed to the dividend, ſo many Deciay 


L p : 
$a there will be in the quotient. 


= Alſoif the diviſor is greater or if ir conſiſt of more Deg 
mal places then the dividend, annex to the dividend acom- 
perent number of cyphers inftead of Decimals to the end 
that you may have as many Decimals in the quorieat as 
be accurate enough for your purpoſe, regard had to the for 
mer Rules, for right valuing of the quotienr. 

To thofe that are unacquainted with diviion, I ſhall re 
commend the methdd following as the moſt commodian, 
wwards which, {becauſe diviſion is more difficulr thenan 
of the former ſpecies} I ſhall give ſuch direRions as (1 pRe- 
ſume ) may render the work intelligible to any reaſonadk 


Capacity. 
Examples in Diviſion. 


Let it be required, To divide 536,534 by 32.5. Firl, 
phce the divifpr 32,5 on the left hand of che dividgnt 


| 735,534 Gus ; | | ? 19k 


3245) 736,534 (2 


Tut! B31. _” 

Then ſce unto whar figure in the dividend, the laſt figwe 
(5) of the diviſor will extend, (if it were ,orderly- placed 
under the (ame) which here is 6, over which place a, pon 


i 


a aa wn A cam DODuo oc cc Amar Ez Ac com . __- 


CREE 


TIT Of 


"Decimal Ar c>. Co Wet 
That done ſee how ofcen the diviſor {32,5) 15 contained 1n 
(735) tbe three firſt figures of \the dividend, that is how 
often gin 9 3 the anſwer is 2 which: place in the quottenr, 
and thereby multiply the diviſor in your mind, ſubſtraQing 
the multiple of every figure orderly out of the dividend be- 
ginning at 6, thus 2 times 5 15 10, o from'$ there remains 6, 
chen 2 times 2 is 4, and 1 I carry. is 5, $ from 3 I cannor, 
but borrowing 1 from 4 (the next figure) makes the 2, 133 
then 5 from 13 there remains 8, again 2 times 3156 and 1 [ 
carry is 7, then 5 from 5 there reſts nothing: now co this 
remainder (34 I bring down the-nexr figure in the divi- 
dend which is'5, and place ir onthe right hand thereof for 
a new dividyal and the work will ftand-hus, 
- 


ac 


=” x" © 


(Y 


| = 
\ 32,5) 735,534 (2 


\ 


Ws, 85g 


Then proceed in the work, and ſec how often the diviſor 
(32,5) is contained in this new dividual (865) as before. ' 
find 2 times, which place in the quotient and mulciply the 
diviſor thereby, and ſubſtra& the produ& orderly as'you go 
from the dividual as before, and ſubſcribe the remainder ; ro 
which bring down the next figure 3 in the dividend, and fo 
continue the work till all che figures in the dividend be fint- 
ſhed.placing points over every 
figure thereof as ir is brought 000 

down to prevent miſtake; 32,5) 735-534 (22,5525 
which done if there be any re |, 86% 
mainder you may continue the 
divifion, by annexing cyphers vc» - BY 
il thereto, till you have as many 2034 
Decimals in the quotient as 840 
may anſwer your inrended ac- 
curacy, In this Caſe there is a ; _— 
Reqainder and the work be- Remain _ 275 
ivg conrinued by annexing two | 
cyphers, there will (according to the foregoing Rules Jbe f 
Places of Decimals in the quorienr;then the work ſtands thus, 
weed Morg 


> > 'B. 7 T* 


=_ = - > 


. 


—— =. — 


— > >. - 


More Examples in Diviſion, 

Let it be required ro divide 580,34 by 47,5. In thi 
Example the work is continued, by annexing 3 cyphers 
the Remainder,thereby there arifing four places of Decimak 
in the quotient, &c. } 


47,5) $89.34 (12,2175 
1053 
1034 
840 


———_— e— 


35650 


3250 


- 


400 Remain. 


Let be required to divide 32, by 51,2. Here the disi- 
ſor is greater then the dividend but .by annexing four 
cyphers to perform the divifion, There will (according to 
the former Rules) ariſe three Decimal places in the quotient, 
and rhereface all the figures thereof are Decimals. 


51,2) 32,00 (,625 


1280 
2560 
O00 | | 
If (in this Example) the diviſor had been all integers 
viz 512)the quotient would have been ,06245 and if $120, 
quorient would have been ,00625 which for better-illu-' 
ftration I ſhall add two more Examples, FL | 
Divide 


—— 


tha 


=» ww I i 


4 - 


; 2 2 x = * Cn . "I 


Divide ,07854, by 25. 


25) ,07864 (,00314 
36 


CO -_— - — 


114 


Divide ,00116620 by ,0475. 


»0476) ,00116620 (,0245 


2142 


— _  — 


2380 


, 5 


OO 


| Note, Thar when any number (either Decimal ar mixt)is 
given to be divided by an unit with cyphers annexed therero 
(as 10, 100, 1000, &«c.) ir is only removing. the comma 
in the dividend. So many places farther towards the lefc 
hand, as there are cyphers annexed to the unir, prefixing 
cyphers to the' dividend, to ſupply the vacant places (if 
need be.) Thus if 7562 were to be divided | 


10 7 56,2 
I00 75,62 

By < 1000 The quotientisY 7,552 >The like of 
19900 | z7552\ all others, -- 
L000090 107562 


The 


A” 


- Decimal Arithmetick, © 
The Proof of "Diviſion. 


Ivifion may alſo be proved by collefing rogether dl 

the Ggnificant figures of the dividend, caſting awy 

all che 9's as often as i ariſes therero, (as has been already 
ſhown in Multiplication) and place the laſti remainder ove 
the-croſs, likewiſe caſt away all the g's out of che diviſor and 
quotient, ſetting the laſt remainder of each, one on the lek 
and the: other on the right han4 fide of the eroſs. Then 
multiply thoſe rwo remainders together, adding to their 
produ& the remainder after divifion is ended (if there were 
any) and from that ſum caft away all the g's, and if thi 


laſt remainder be equal to that over the croſs, the operatia 


15 true, 
Example of the ſecond prece#«ing,wherein 


The Cvividend is 580,34 


Di viſor 47:5 
Quortient ' F2,2256 
Remainder 490 


But the moſt certain proof of Divifion'is by Mulciplicatt 
on, and Iikewiſe of multiplication by diviſton : For in mul 
tiplication the produ@ being divided by either of the F# 
Rors, the quoriear is the other. 

Alſo in Diviſion, rhe diviſor and quorient multiplied tq- 
gether adding thereto the remainder afrer divifion (if any 
be) gives the dividend : The laſt example but one in mul 
riplicarion is the laſt in diviſion, and {erves to verific thele 
two aft Rulez, Alſo Divifion may be proved by Diviſion, 
for if the divicend be divided by the quotient 1x will quote 
tke firſt diviſor. ' 


Exit 
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Example. 


225) 0375 (,13 


15 


© 


Decimal Arithmetick. 


13,0325 (25 
65 


O 


The like alſo holds good in mulriplication,if firſt one of 


the Fa&ors be mae the mulripher, and then the other. 


Example. 
225 13 
13 PF 425 
75 65 
25 26 
30325 »0325 


CC rr rr rn ——— 


HeduTion of Decimals. : 


T7 Reduce a Vulgar Frattion into a Decimal equivakent 
thereto, 

This Proportion holds. As the denominator of any Vul- 
gar Fraction, Is to his numerator. So 1s 1,00, &c. the deno- 
minator of the Decimal Fraction, To his correſponding nu- 
merator required. And the Converſe hereof ferves to Re- 
duce Decimals ioto Vulgar Fractions. 

Hence it 1s,that if tothe numerator of any Vu!lzar Fration 
you annex as many Ccyphers as you intend, irs equivalent 
Decimal ſhall conſiſt of places, and divide it by its denomi- 
naror the quotient 15 the Decimal required, which if nothing 
re- 


". 78 


Decimal Arithmefick. 
remain 1s preciſely equal in value to the Vulgar Fraftion pre. 
propoſed. Bur if there be a remainder after diviſion yay 
may (if you pleaſe) make a nearer approach by annexi 
more cyphers and continuing the work, ſo will the Deciny 
be infinitely near equal ro che Vulgar Frafion given : Re 
gard had to che former Ru!=s in diviſion, for right valuing df 
(or diſtinguiſhing the Decimals in) the quotient. 


Note,That the al:quot or even parts of an integer may bers 
duced intoDecimals,cxa&tly equal thereto withouta Remain- 
der: But the odd parts of an integer cannot, for there wil 
always be a Remainder. However it you carry on the Fra. 
&ion ro four cr, five places of Decimals, it will be exat 
enough 1n.moſt Caſes. 


Examples. 


Reduce: 4. into irs equivalent Decimal, and it is ,7 5 thus, 


4) 350 (275 


A On 


20 


2. being Reduced is ,25 thus, 4) 1,0 (,25 


Cu —_—_ 
— 


20 


Reduced 15 ,125 thus - 8) 1,0 (,125 


oa) me 


20 


_ - -- -_ a 


40 


t- 
On 
ty 
ul 
. 
o 
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4 Being Reduced makes ,4444 &c. nearly equal to $. 
0) 40 (34444 ©c. ad infnitum. 


40 . 


Reduce 2 into a decimal and it is ,8182 fer thus, 


11) 9,0 (8182 


20 


20 


Reduce 7: into a Decimal and 1 it is ,o11689, and may 
be continued further. 


041) 11,00 (,011689 


I 590 


6490 


mmmmrmm—o__ — 


8440 


912 


Allo 3+ 3 being Reduced 1s ka ee. 


And likewiſe 74 being Reduced is ,000216, fere. 


To 


80. Decimal Arithmetick.” 


ney, Weight, Meaſure, Time, Motion, G&«.) 
into Decimals. 


{rſt, Reduce the given parts into a Vulgar Fraftion whoſe 

denominator 15 the number of thoſe known parts con- 
rained in the inreger, and the given parts is the numerator 
thereof; bur if rhe given parts be in ſeveral denominations, 
Reduce them into rhe leaſt mentioned for the numerator, 
whoſe correſponding denominator, is the number of the 
ſame known 92rcs, continued in the integer, which done 
Reduce fuch Vuigar FraRidhs into Decimals, by preceeding 
Rules, continuing the work ro what accuracy vou pleaſe, tor 
the further you proceed ihe nearer 15 the approach. 


Examples. 

Reduce «$ inches in D:cimals of a foot, Firſt according 
to the laſt preceeding Rule, 5 inches being expreſt afrer the 
manner of a Vulgar Frafion 1s +5 of a foor, and rhe Dect- 
mal correſponding by ReduRtion 1s ,4155, &c. or ,41657 
Jers. Thus, 

12) -50 (4165, Oc, 


20 
80 
29 
30 
Reduce 7 inches 3 into the Decimal of a foor. 
7; 
: : { 4 
- 3 Reduce into quarters of an Inchis 31 ——— 
31 


To Reduce the known parts of an Interger ( as Mo- 


and 


an 


du 


tulgar fraQion js 43 which gives this decimal 3833, os 
G 


yy © x we —_ 
JC Cf al Arithmetict , 


I2 
4 


3 
Therefore the Vulgar FraQtion is 3+ of a foor, which Re- 
duced gives this Decimal, ,564583, &c. 
Reduce 11 5. 6 d. jnto the decimal of a pound ferling. 
I 1—-6 20 
I2 I2 


2nd 12 inches 15 48 quarters, of an inch 


I— 


j15.6d. reduc. intod. is 138 pence,and 1 |.reduc. is 240d. 
therefore the Vulgar Fraction is £35 or 23 of 1 1. whoſe 
equivalent decimal is , 57 5. 

Note, That when a Vulgar Fraction is propoſed to be Re- 
duced into a Decimal, firſt abreviate or reduce the Vulgar 
Fraction into its leaſt terms, by dividing both the numerator 
and denominator thereof, by any number that will evenly 
divide them z as £3-* both the numerator and denominator 
being divided by 6, gives 43. X 


If 5d. 3} be Reduced into a decimal of 't I. ferling, the 
Vulgar Fraction is ;27 or +2 (being divided by 3,)and 
its equivalent decimal is ,028125. 

Reduce 1 quarter 21 /. into Decimals of a C. weight, 1 9s. 
21 4. Reduced into pounds is 49, and the pounds in 1 C. is 
112, the Vulgar Fraction is ;42 or £ of a Gweight, (be- 
ing divided by) whoſe equivalent decimal is 437 $- 


Reduce 16 /. 95 ounces into the 'decimal of a C. weight: 


multiply 16 7 112 Hence the vulgar 

by 26 16 Fraction 15 +353, 

; and che decimal 

produd is 253 ounces « 175 204ncescorreſponding is 
214573, Oc. 


Reduce 42 minutes into decimals of a degree, the vulgar 


frattion is £2 and irs equiyalent decimal is ,7. 


Reduce 23 minutes into the decimals of a degree the 


The like is to be underſtood in Reducing the known pay 
of any other integer into Decimals, (as the Yard, Pole, 
quid or dry meaſure, and ſuch like) whereby Tables may 
calculated to Reduce the common known parts of any [of - - 
ger into decimals, and the contrary by inſpeftion, of Red: 
are in divers Aurhors bur here (for brevity ſake) ons 
red, ſave only a Table ſerving to convert Sexagir 
Fra&ions or minures into decimals: and the contrary whokhh Acc 
uſe being ſo eafie thac both explanation, and more example” ' fi] 
are needleſs ; which Table becauſe it 1s ſubſervient to th 
preceding Treatiſe of Arithmerical Trigonometry, is @ 
dered that ir may lye open to view at the reading any pat H 
thereof. Inch 


7 
| ches 


— 


(TI— 


To Reduce a Decimal Fraftion into the Commy 
known parts of an Integer : Otherwiſe call 
Valuation of Decimals. y tr 

6d, 

The Rule ts, 


Mey the given Decimal (according to the preceed 
/2 ing Rules for Multiplication )by the number of knom 
parts of che next lower denominarion contained in the kf g1;1 
reger, unto which the given decimal hath relation, rhe'pnt 

dutt 15 the value of the ſaid decimal in the (ame denominats 

on, and the ſeparated decimals (if any be) are decimals d 

an Integer of the like denomination with che mulriplicar 
the value whereof may (in like manner) be found in know 
parts of rhe next infertour denomination , and ſo proceedit 
ro the leaſt known parts of an inceger, the whole numbe 
in the reſpeRive produdts ſhews the value of the decimal pre 
poſed in the ſeveral known parts of that integer, W 
the given Decjmal is ſome part or parts, as in the follow 
ing 


| The 


Examples. 


Reduce ,41667 of a Foot into inches 41667 
' | I2 


b 


% according tothe preceding Rule mul- ixch. $| ,oo004 
oF tiply by 1 2(the inches 1n afoor)and 

+} the Anſwer 15 5 inches, 

@ 


How many inches and quarters of an »64583 
4 inch is',54$583 of a Foot : The Anſwer I2-*/ 
s 7 inches and 2,999 quarters, or 4 1n- — 
| ches 3 quarters, inch. 7| 74996 
4 
7 ——— 
, quart. 2] ,99984 
| Re 
+ Reduce ,57 5 of a pound Sterling into $75 
| —_— and Pence : The Anſwer is 11 5. | 20 
ſpill, 11] ,500 
I2 
þ pence 6| ,000 
| What is the value of ,877083 /. in 
4 hillings, pence and farthings, &c. 
2877083 
| 20 
The Anſwer is x7 $.6 d. 1 qu. ,999 Sbill. 19] ,541660 ' 
Or 17 5, 6d, £fere. I2 
Pmce6| ,499920 | 
4 


Farth, 1| ,999680 
G 2 Whats 


— 


- : 8 | 


\ = 
——*. 


Decimal Arithmetick. =*7 


W 02815]. 

", x 20 
>, Whats the value of ,028125 |. ſterling ? — 
Anſwer 6d, 4. | I2 


Pence 6| ,95000 
4 


— 


farth. 3| ,00 


mk. 


>, Reduce ,437s of a C. weight into 4376 
quarters and pounds. 4 
quart. 1| ,7500 

Anſwer 1 quart. 21 {. 28 


— 


60000 
1 $000 


C— 
l. 21| ,0000 


How many quarters, pounds and ounces 2146763 
15 ,145763 of a C. weight. | 4 


quart. ,587052 


4696416} 
Þ Anſwer 16 {. 6 oun. ,099296 or 1174104 
4 I6 l.7 Out. prope. 


bours 16| 243745 | 
| "4 


2624736 
437450 


———_ 


on, 6| 999299] 


J . 4 i _— . v ks y- ' ey " w » - 
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How many minntes is, 7 of a degree, 


Anſwer 42 minutes. 


Reduce ,3833 of a degree into minates, _— . 
» | 60 
Anſwer 22,998 or 23 min. prope, * wy 22,9980 /,; E 
55,5349 


; 4 
+... 


A Compendious way to Diſcover the value of any | 
Decimal Frattion of a pound ſterling, viz. 


Alf the number of. Shillings being Tenths of a pound./<3 of 
Therefore the figure in the firſt place (viz, the place =” 
of Tens) being doubled gives the number of Shillings, unto 
"4 which if the figure in the ſecond place be $5 or above, add 
4 2 ſhilling, then the figure in the ſecond place if lefs then 
4 or its exceſs if greater being eſteemed as ſo many Tens, at p 
4 the/figure in the third place as ſo many units, and both ac- ,- -* 
4 counted one intire number which | d by 1 gives the 7; 
'F number of farthings which rogether with the Shillings be-  _ 
| fore found, are the value of the Decimal propoſed, and the -- 
remaining figures (if any be) are the Decimals of a farthing. 
| As inthe preceding Example of Reducing ,$7 5 of a pound 
| ſterling into ſhillings and pence. Thus two times 5 13 105. 
4 unto which add x s. (becauſe the next figure 5 exceeds 5 by 
24 2) and it makes 1 1 thillings, then there remains 25, which 
$ lets by I is 24 the farthings, and 24 farthings is 6 pence : 
$ © that the valueis 11 5. 6 d. as before found; ——The 
2} like is to be underſtood of any other Decimal-of a pound. + 


—_— 
= £ 


_—_— 


4 _ From what hath been premiſed of Reducing of vulgar 

Fractions into Decimals, afrer the ſame manner when any 

2 pumber is given to be divided by another (wherher the giv» 
f | G 3 en ..*> 


+ 


LY 
_— 
" þ Co 


en Diviſor be a whele number or vulgar Fra&ion. a 
may find a Decimal mulciplicator which ſhall effe& the ſax} 1, 
as the Diviſor given ; 7 pl 


To find which this Proportion holds, viz. 


As the Diviſor given : Is to 1 : : Sois 1 : To the mul 
plicator required, thus if the diviſor is greater then an un 
the maltiplicaror is leſs, m the like Geometrical progreſin 
and the contrary, As if the diviſor were 2 then (accordiy 
to the preceding proportion) the multiplicator 1s + or, 


(its equivalenc Decimal) it being the ſame to multiply ay 
number by = as to divide, ir, by 2 : And hence it follows tha | fo 
1 is always a Geometrical mean between the divifor and} v 
multiplicaror. + b 
W 
Firſt Example, The Diviſor being a whole Number. ar 
_ Suppoſe it were required to divide goo by 25, the qu », 
ticgt will be 36, Now to find the multiplicator, ſay | «c 
AS 25:1: : 1 : ;+ the mulriplicator required, 8%} 
ing the ſame to. multiply by 4+ as to divide by 25, mw ce 
the Decimal of + is the Decimal . multjplicator ſought. © } | 
thus goo 
multiplied by ,04 
the produR 1s | 26,00 which was required, I 
. c 
Second Example, The Diviſor being a vulgar Fradtion- 


Suppoſe it were required to divide 345 by + (accorc 
to diviſion in vulgar Fra&ions) mulriply the dividend 4# 
'by 8 and divide that produ& (2760) by 5 the reſults $9 
the quotient required : or 345 divided by ,625 the 
of 5 quotes $52, bur to find the multiplicator it holds. ® 

:1 ; 3: 1 : 4 the multiplicator required, and wer 


Z * 
> aA. =” 


_ 


— 


2 » 


i dud js 701,09, &. 


—_ 
*{ k 'Y, 


fore it is the ſame to multiply by + as to divide by £, and 
1,6 the equivaienrt mixt decimal of 4 bs the decimal mulri- 
plicator ſought, Or having the decimal diviſor ,625 fay : 
ds 6255 1.:3 1 : 1,6 the multiplicator as before. 


Therefore 245 
mulriplied by 1,6 


produces $52,0 which was required. 


ſ 


Hence it is evident that the reſult*of the preceding Rule 
for finding mulriplicators is, That if the given divifor-be 2 
whole number, make ir a denominator of a vulgar fration 
and x the numerator thereof, which vulgar fra&ion, ſhall 
be a mulciplicator (agreeable to the preceding proportion} 
whoſe equivalent Decimal fhall be a decimal mulriplicator, 
and effe& the ſame as the diviſor given ; 

But if the given diviſor be a vulgar Fra&ion (whether 
proper or improper) change the numerator and denomina- 
tor into each others place, ſo ſhall there ariſe another vulgar 
fration for a mulrplicator ( correſpondent with the 
ceding Analogy) whoſe equivolent decimal ſhall be the De- 
cimal multiplicator required. 


More Examples. 


_ Letitberequired to divide 13375 by 125, the quotient 
15,107, the multiplicator in terms of a vulgar: Fracion,. will 
be :;+ and the equivalent decimal of 4 is ,008 the De- 
cimal mulriplicator required. ». 
, _ thus 13375, 
mulriplied by .,008 


the produ& is 107,000 as before. 


© Allo. 86235 divided by 123 quotes 501,09. Therefore 
multiply 85235 by ,00113 (the Geri of ++) the =_ : 
+ 


iis: S . 


Decimal Arithmetick. 


88 


And ſuppoſe it were r uired to 4 
divide 18562 by ;f. The quoti-» _ +) 18662 
ent1s *©£** or $3318,75 ſee the 25 | 
work after the manner of yulgar 
Fre&ions. 93310 
37324 


———— 


8) 456550(58318,z 
32) 18662 (5831875 | 


C———————  — 


265 : 
Or, If 18552 be divided by ,z2 ———— 
(the equivalent decimal of +) 102 
e quotient 15 58318,75 as be- 
fore, 60 
280 
240 
I60 


But to find the decimal mulciplicator, 


Place the numerator and denominator interchangeadly, 
the vulgar Fraction thence reſulting.is 4 whoſe equivalent 
decimal is 3,125. The mixt decimal multiplicator required 


multiplicand 18662 
multiplier 3,125 


93310 . 
37 324 
18662 


 -HIg0G 


The produ& is is 58 $318,750 equal ug JeoneN be- 
+ (fore founk 


155 2 


-'Y 


—_ 
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Decimal Arithmetick. 29 
If the diviſor given be a mixt 'Number Reduce it into an 
improper ſra&tion, as If 6984 were to be divided by 1; the 
diviſor being Reduced into an improper fration 15 4 and the 
otienc thereby is *** or $238 : allo 1,3333 &«.(the 


* decimal of 4) is the mixt decimal diviſor likewiſe the Ny- 


merator and denominator interchangeably placed the fraftion 
ſulcing is 4 the equivalent decimal whereof is ,75 the De- 
cimal mulriplicator which was required. 


mulriplicand 6984 
mulriplicator 75 


34920 
438388 


The produd is p 2 28,00 equal the quotient before 
. (found. 


What hath been already ſaid concerning finding multipli- 
cators inſtead of diviſors, Holds good likewiſe in all ſuch 
caſes wherein there are rwo given numbers or terms expreſ- 
ſing a fixt reaſon or proportion between any two quantiries 
or ma gnitudes, 

By proportion is underſtood the habitude or relation of 
two numbers (or quantities of the ſame kind) one tothe 
other, and is found by dividing the antecedent or firſt rerm 
by the conſequent or ſecond term, and therefore they are 
Expreſt in form of a fration ; As if the proportion be of 
5s to 9: Set thus 5: ifof 5 ro 5 thus $3 

| The ſum of whar is here intended is; When there is two 
given terms expreſſing the proportion that ſome known 
Number hath to. another unknown or required : place the 
two terms of proportion fra&tional wiſe making rhe Antece- 
dent the Numerator, and Conſequent the denominator, that 
vulgar fra&tion may be accounted as a diviſor. Bur if the 
two rerms be interchangeably placed, thar is the conſequent 
for the numerator, and the antecedent for the denomina- 
tor, that vulgar fraction ſerves as a mulriplicator, and their 
ruſpeQive Decimals, ſhall be a decimal FaRtor and Diviſor, 
which by either a ſingle multiplication or diviſion ſhall —_ 
* nc 
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terms, : 
Firſt Example 
The proportion of the diameter of a Circle to its circuns 
ference'is, As 113 to 355, or 4+ and the contrary, the 
circumfcrence to 1ts diameter is, As 355 to 113 : of 2 
Therefore having the diameter to find the circumference, 


43183 (the decimal of 44+) is a fixt diviſor, and $1416 
the cir 


(the decimal of 45+) a fixe multiplicator : Bur if 
cumference is known and the diameter required 3 then i 
3,1416 a fixt diviſor, and ,3183 a fixt FaQtor: allo 3,146 
1s the circumference of a circle whoſe Diameter 1s 1, and 
,3183 the diamcrer of a circle whoſe circurpference 1s 1. Thy 
if the diameter of a circle be 28,25, the circumference wil 
be found to be 88,75, ©. 


3,1416 3183) 28,250 (88,75 &t, 
28,25 _ 
27860 

157080 rmm——_— 

62832 23960 
251328 c— 
62832 16790 
88,750200 875, Ot 


* Likewiſe of the circumference of a circle be given 88,4 


the diameter (in like manner) will be found to be 28,253 


88,75 3,1415) 88,750 (28,25 
$3183 ; _— 

LEES Ea 259180 
26625 ——— 
71000 75520 
8875 

26625 15598 


LL ——- -————— 


28,249125 


the ſame ; as by multiplication and diyiſion of the two gina 


| a. 
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Example Second. 


The ſquare of the diameter of a Circle is in, proportion” to 
the Area (or content) thereof. As 14 isto 31 : or 45, and 
contrarily the Area is to the ſquare of the diameter. As 
11to 140r 2. Therefore having the diameter to find the 
Area by this proportion; The FaQor is ,9857 (thedecimal of 
21) and the diviſor is 1,2727, ( the decimal of 44), by 
which the ſquare of the diameter being mulriplyed or di- 
vided, rhere will reſult the Area ; bur if the Area 1s givento 
find the diameter by this proportion, then is 1,2929 the 
Factor, and ,7857 the diviſor, whereby multiplying or di- 
viding the Area will give the ſquare of the diameter. 

Note, thar tho the proportion of 11 to 14 or 14 to 11 be 
uſed by divers Authors,inthe two propofirions atoreſaid, yet 
they are not accounted exa&t enough vhere a queſtion re- 
quires preciſeneſs. So that inſtead of ,98 57 uſe ,98 54, which 
is the Area of a circle whoſe diameter is. 1 and inſtead of 
1,2729 uſe 1,27324. (found by dividing an unit with cyphers 
by ,1854) which 1s alſo the ſquare of the diameter of acir- 
clc, whoſe Area 1 3 Thus the diameter of a circle bei 


| t2s the Area or ſuperficial content will be 626,798z 
ere, 


The ſquare of the diameter 793,0625 
* multiplied by 7854 


31922500 
39903125 
63845000 
55864375 


— _—— — — — CC 


The Area is 626,79828750 required, 


<1 ——_ >; ——— 


n =_ 
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Or by dividing 798,062 5, the ſquare of the diameterby 
1,27324 the fixt diviſor : 


1,27324) 798,0625 (626,797 fere the Area, 


In like manner the Area being given 626,798, &c. The 
ſquare of the diameter will be found 198,0625, by dividing 
the Area by-,9354. Or which is the ſame, by multiplying 
the Area by 1,27324 : and the ſquare Root. of 9798,0625 1s 
28,25 (how to extra tlie ſquare Root ſhall be hereafter 
ſhewed.) 


Example Third, 


The Cube of the diamerer of a Globe or Sphere isin pro- 
portion to the folidiry (or folid content thereof) As 2115 
ro Jn Or. 


thereof according to this fixt Proportion, 
The F Faftoris ,5238 the decimal arifing from --. 
fixt @ Diviſor 1s 1,9091 the decimal arifing from 22, 
Whereby multiply or divide the cube of the given diame- 
rer, and the quotient or produ& will give' the ſolid content 
of the Globe or Sphere required, 


* Bur if the Solidicy be given,to find the Diameter, then the 


Therefore knowing the diameter, to find the folidity } 


proportion holds, As 1x to 21, ſois the given Solidiry - 


mn ww zwws wu 5 
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the Globe, to the Cube of its Diameter. So in this Caſe, 
,6238 is a fixt Diviſor and 1,9091 1s a fixt FaRor, by 
which Multiplying or Dividing che given Solidity, the re- 
ſult is the Cube of the Spheres Diameter required, but theſe 
Numbers, viz. 11 tO 14 Or 14 to 11 being not admitted 
as preciſe euough, therefore rhe FaRor and Diviſor thence 


reſulring, is not to be accepted, where great exaQneſs is re-/ 


quired ; ſo that inſtead of ,4238. uſe ,5236. (the Solidiry 
of a Globe whoſe Diameter is 1) and inftead of 1,9091, 
take 1,905855, (the Cube of the Diameter of a Globe whoſe 
Solidity 1s 1 fonnd by dividing an Unit with Cyphers by 
,$236 : thus the Diameter of a Globe being 14, the Solid 
content will be found to be 1436,76, &c. 
The Cube of 14 the Diam. is 2744 

Multiplied by 25236 


16464 
8232 
5488 
13720 
The Solidity is 1436,7584 
Or dividing 2744 the Cube of the Diameter by 1,9098g 5 
the fixed Diviſor. , 


1,909855) 2944,000 (1436,7 584 fere the Solidiry. 


8341450 


C—Y 


7020300 


Pn EE 


I2907350 


————tmm——— 


14482200 
III32150 
I53828750 


ib. —_————— ————— 


549910 


Likewiſe 


W- 


I A 
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Likewiſe had the Solidity of the Globe been propoſed to 


be 1436,7 $34. the Cube of its Diameter will be found to 
be 2744 by dividing the ſolid content by ,5236, or mul- 


tiplying by 1,9092 55. 


More Examples of this nature might be enumerated, but 
becauſe theſe things more properly relate to Geometry than 
*._ . Arithmerick, I ſhall refer the Reader to ſuch Authors a 
” treat of Menſuration and Gauging, and let theſe (uffice to 
ſhew the advantage of Decimal Arithmetick in finding Mul. 
tiplicators and Diviſors , ſo ſhall proceed further to illuſtrate, 
the utility of Decimal Arithmerick in Rules of Plural. pro- 
portion,ziz ſuch wherein the Rule of Three is ſeveral times re- 


peared. And firſt of 


The Golden Rule or Rule of Three, 


He Rule of Three in Decimals may be performed in eve- 
ry reſpeR, as in whole Numbers, of which its preſup- 

poſed the Reader hath competent knewledpe, or ar leaſt he 

oughtto have before he enter upon Decimal Arithmerick. 


Note, That when any of the three given terms 1n the 
queſtion propoſed, conſiſts of Fra&ional parts, or have 
Fraftions joyned thereto, reduce ſuch Fractions or Fraftic- 
nal parts into Decimals, and then proceed to Operation, 


Example. th 


C. - = oP C. 
If 13 coft 2 16 03. what will 145 coſt ? ſol 


The Fra&tional parts being turn'd into Decimals, and the 
Queſtion ſtated, ſtands thus, 4 


Decimal Arithmetick. 


to 
506 l. | 
- 1,75 ) 40,78125 (23,3036 fere 
J | $78 20 
bs — — 
531 ſhill, 6,0920 
I2 
625 
2 — Ptn.,8640 
100 4 


—cu  —_ 


farth. 2,550 


- Here multiplying the ſecond and third Numbers together, 
e } anddividing that produ& by the firſt, afrer the manner of 
vulgar Arithmetick, The quori- nt 1s the anſwer, viz, 


e L, & <& .<& 6. 
e 23,3036 or 23 06 00+ and fo much will 14+ coſt, 


Alſo inthe Operation of the Rule of Three in Decimals,you 
may divide the ſecond Number by the firſt, and mulriply 
the quotient by the third, and the produ& thereof anſwers 
the queſtion 3 or (which will give the ſame reſulc.) Divide 
the third number by the firſt and mulriply the quotienr, by 
theſecond, and by one of theſe two varieties, you may in 
ſome caſes abreviate the work more than by the common 
my ; Thus the preceding queſtion wrought accordingly. 


1,75) 


Firſt, By dividing the third number by the firſt, &, 
f C. 


_ 


C. . | 
I,7s © 2,6125s : 3 145 7 
1,75) 145,90 (8,28571 
— 2,8125 
$00 — 
4142855 
1500 1657142 
—— 82857I 
1000 662855 
1657142 ; 
1260 —— 


— 23,303559375 |. The prod 
25 (the anſw.as 


2dly. By dividing the fecond number by the firſt, &:, 
Ant 
1,75) 28125 (1,607143 - Ge 
—— 1445 I « 
1062 4 ONT | 

OH TOPS: 8038715 
1250 6428572 
” 1607143 1 
250 mY ICY 

_ 23,3035735 (« Rn 
730 It 
reat 
> Jos $ divi 
Thus may any queſtion in the Rule of Three be perform IM, 
ſeveral ways, the praRice whereof I leave tothe Ingen ofte 
Reader, only add one more Example. þ 
0% l, $%. #t> l of 
If 4 of Gold be worth 13 14 os whatare s 9, 
worth, the Frational parts being turn'd into Decimals, (uy © 


. yu! weight bcing the integer) and the queſtion ares 
$ thus, | 


Decimal Arithmetick, ' | 


6 l. L. 
If ,333333 13,725 33 $7S: | 
$175 d 
68625 \ ( 
9507 5 
686525 
_ l. 
2333333) 7891875 (235,756 4 
| GC ——— 20 
1225215 mm——_ 
m——— ſnill. 15,1280 
of 2252160 12 
2521620 d. 1,5350 
b —_ 4 
Anſwer 51. 6 oun. of 1882890 —— 
Gold will coſt 235, —— —— farth. 2,144 
165. 11d, 162250 
162252 
Note,' That inſtead of dividing by . 78,9187; 
5333 &c. (the decimal of 5+ or +4) 3 
you may multiply by the FaRor 3, —— 
It being the ſame (as hath been al- 236,75525 
ready ſhown) to multiply by 2 as to 
| divide by +. 


if Hence its evident that by finding of a Faftor when a Di- 
{# viſor is given; or a Diviſor havinga FaRor given, you may 
often abbreviate the work in the Rule of Three. 

Alſo in working the preceding queſtion according to the 
two laſt varities, (mentioned in the firſt Example) inſtead 
4 of dividing either the ſecondor third numbers by 13333 Os 
you may mulriply by 3 its correfponding FaRor which will 
44 Much more facilitate the work. , 


H It 


2 4” <4 IF, 7 © G7 6 ou <XE 
_ & ® 3 | 4 | ' . " 


l, l 


W.. b Cl 
If ,33333 ©. (or } ) : 1357259: 575 5 
FaRor 3 


41,175 
$275 


NY £ Y C — ver 
, ifs Fs Z 205875 pre 


NOS 288225 . 
a 205875 


The produ® is 236,75525 as before. oh 


Or if the ſecond Number be divided by the firſt &: | 
the work will ſtand thus ; 6 


2333333) 13472500 (41,175 


Becauſe I would uſe as much brevity as poſſible in order 
that other things (of good uſe) intended for this Treatiſe 
may come in.,theſe rwo Examples in the Rule of Three maj 
ſuffice, which if well __—_— the intelligent Reader ma) 
be able to perform the like by any other. 

It may alſo be obſerved, That theſe two laſt varieties in 
the Rule of Three , eſpecially that, where the number 
which 1s uſually made the' ſecond term, is divided by the 
firſt, ſerves. as a. neceffary alluſion to contra the ſeverdl 


tedious operations in the Rules of Fellowſhip and Alligation 
nerd 
portions 


altrenare, Wherein there are required ſo manly 


"= 


þ 


> 


7 Common fattor & Diviſor may rherefore more iczouſly 


| produdts are; the proportional parts or numbers re 


LL aces 7 IF RT © hs with V 
*#, 4 6 4 TL - , [ o_ 4 


"ns or ſtatings of the Rule of 2, as there are particular 
portional parts to be found, all whereof having the ſame 


eperformed in decimals hy the following Rule.Viz, Divide | 
the common fa&or or that number which 1s u(ually made the ' - % 
' 2d term in the Rule of Three, by that which is always made 
the firſt or common Diviſor.And multiply that quotient ſe- 


really into the reſpeRive third Numbers. The parriculag,,. "$4 
MEE 


* 


But here it will be neeefſary if you ule decimals ( which is = 
moſt convenient) ro continue the Divifion(as long as there i 
ba — till you have fix places of decimals in the 
quotient, So ſhall the amount of the ſeveral parts, (in rhe 
proof of the work) not want --,-,. part of an unit of beipg 
equal to the ſecond number or dividend. 


0 RE —_— 
—_— — 


Firft Example in Fellowſhip without Time. 


Hree Partners A B and C make & Stock of 6251. 
6 


A put in 254) Their Gain being 295 1. I De- 
whereof B 


1972 > mandeach Mans proportionable 
| Co—— 199.) part thereof ? 

Fyſt, The Reſolution hereof according to the Cuſtomary 
method 15 as follows ; 


The firſt Operation for A's part of the Gain. 
IM bagh : 294 b $3 254 h 
254 


1180 
1475 
$gO 


74930 


i 


— TT , » 
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625) 74930 (119,838 is A's part of the Gaiz 
20 


Inn mm mm OD 


1243 ens 
- (hill. 15,7960 
6180 I> 


WT . 4 
5 g0O — 
— 


If 625 295 72 : 
| 172 
$90 
2065 
295 
625) 50740 (81,184 isB's part of the 
— 20 Gait, 
740 _ 
(hill. ;3,680 
IT$50 12 
Ro 4 


2500 —m__—_— 
ol —— farth, 640 


'Y 
C5 


S 


- The Third Operation for C's part of the Gain. 


l, L, l. 


If 625 : 295 I99 «* 
199- 
264g 
2655 
295 
L 
625) $8505 (93,928 is C's part of the 
———_ 20 (gain. 
2455 þ IO 
(bill. #8, $50 
$8co -- I2 
—_—_— —_ _ 
1750 d. 6,720 
4 
$590 hs es A 
farth. 2,88 7: 
The lod 
S t 


Cs 93928.) 


—/ 


Sum 295,000 ; 


_ 119.888 CES 
Bs >Gain 139 81,184 Orchus, 81—03—o8—o, 64 


þ 990m 383 


-—— 


| 29 590000, OO 


&condly, The Reſolution according to the new Method, 
b & follows, in which obſerve, Thar 


In.all the preceding Operations (or Statings) of the Rule 
(Three, 295 |, (the gain) is the common aRor,and od uſally 
H3 


YO? Decimal Arithmetick. 
made' the ſecond number, and 625 (the whole Stock) iz 

always the firft or common Diviſor. Therefore { actOrding 
ro the Rule, ) Divide 295 by 628, ec. 


625) 29959 . (493 
6. gs 
4500 


— 1888 
1250 2350, 
$44 


— ————————— — ———_— ——— 


A's part is {. 119,888 


— 


3.9%n9n =” 5\ 


»472 
B 172 
TE——_— —— 
944 
$304 
472 


C's part'is 4. 81,184 


| 3472 ; 
C 199 


83 =zE5 


4248 | 
4248 _ 
472 


——_ _ -- - - —_— 


C's part is /. 933928 


By this new thethod it is evident that the work is mui 
more compendious then by the former : and the more 
Pariners.are,/ the: advantage of this, method would be. 
mere ſgnally conſpicuous, for one fingle Diviſion (yffpv 
be the Partners, (or parts to be four) never ſo maH p | 
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A Second Example of Fellowſhip without T, "h 


IX Merchants, viz. A, B, C, D, E, and F make a 
Joint-Scock of 1944 /. wherewith (in a certain time by 
management) they Gained 1215 {. each mans part of 

the Srock being, as follows. 


'S 5s L. 


A laid in 248 —1s A 348,75 
B ——=421-—12f © B 421,6 
C ———299-— 16 Orin C 297,8 
D 410— $f Decimals YD 410,25 
E ——342— 4 E 3 12,2 
F ————123 — 8 F —— 1234 
Sura 1944 —- 00 Sum 1944,00 
Ns 0 Gs — 


I demand each mans proportinal part of the Gain. 


The Operations being performed according to the cuſto- 
mary method, requires 6x proportions or ſtatings of the 
Rule of Three, becauſe there are fix partners, which being 
tedious I ſhall only expreſs the ſaid proportions and their 
avfners omiring the work. 


Firſt for A's Gain. 


L. t; l, L. 
It 1944 : 1215 * 348,75. Anſwer 217,9687g FA 
Or 217 l. 19 5. 45 4. 1s A's gains 
w 


Secondly, For B's gain, 


l. L, l, L. 
If 1944 # 1215 : ; 4215 Anſwer 202,5 
Or, 2634, 10% is B's gain. 


H 4 Thirdp 


Decimal Arithmetick, 
Thirdly, For C's gain. 


L L. l, A 
If 1944 © 1215 ; 5 297,8, Anſwer 186,125 
Or 1861, 25.6 4. C's is gain, 


Fourthly, For D's gain. 

l l, l. l. 

If 2944 : 1215 : : 410,25. Anſwer 256.40625 
Or 2561.85. 14 d. is D's gain, 


Fifthly, For E's gain. 


b l. l L. 
If 1944 : 1215: : 342,2. Anſwer 213,875 
Or 2131. 175.6 d.1$S E's gain, 


Sixthly, For F's gain, 


l. l, L l. 
If 1944 : 1215? : 123,/, Anſwer 77,125 
Or 771. 25.6 d.15F's gain, 


The Operations being performed according to the new 
method, 1 215(the common fa&tor and ſecond number in all 
the preceding proportions) is the dividend, and 1944 (the 
firſt number) 15 the diviſor. 


1944) 1215.0 (,62s : A 348,7;1. B 42141. 
_ 5 


35 025 »625 

; 4850 e——_— ! 

— —_ 174375 21080 
9720 69750 6432 


209250 " 25296 


_—_— — 


A's gain 1s 1, 211,9687 5 B's 363,5000 4. 


C 2978 | 


ms « rad 22 rH rw 


gain, 


* == 
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C 297,48 |, vil D 410,251. ' 
3©25 | 2925 
14890 205125 
$955 | 82050 
17858 246150 
C's gain is 185,1250 (. D's gainis 256,40625 1. 
E 342,21. F 123,41. 
2625 F »025S . 
I7110 6170 
6844 2458 
20832 7404 
E's gain 1s 213,87 $0 1. F's gain 1s 97,1250 |. 
The Proof. 
L. l. s. d. 
A's gain iS— 2179,9587 & 2M J— 04; 
B's 2635 263———10 — 07 
—_— Or, J185——02 06 
Ds 256,40625\ thus Y256——08 ——015 
ES— — 273875 aog———-——— 
Fir =— 77,125 77] ——=—— 02 —— 06 


— OEOITNPRENS TC 


Sam 1215,00000 Sum 1215 — 00— 


CO — —_  ——— 


—” 


| Theſe two Examples in the Rule of Fellowſhip withoue 
time. (I preſume) are ſufficient as well ro illuſtrate this 
ſpeedy method in Decimals, as alſo, (if well obſerved.) The 
Reader” may be thereby capable to Reſolve any other of this 
nature by the ſame new method, as in the caſe of Bankrupts 


- Y = 


compounding with their Creditors and the like. n 
, 


p by w ay p _ q : . 
aw © 
- w - 
i . : 6 4 
A — LT p * 


The Third Example i ia the Rule of Fellowſhip with 
Time. 


Tz Merchants A, B and C enter into Partnerſhiy, 
Vic. | 


A hidin $g41.for 8 months | They gained 309 I. what 
B 8g=n—12 — 1s each mans part there- 
£ 49— 4 of ? 


In the Rule of Fellowſhip with Time, multiply each mans 
particnlar Stock and Time together, and the total of thoſe 
products 15 the firſt number ( or term ) in the Rule of 
Three, the ſeveral produ&ts are the reſpective third num- 
bers, and the whole loſs or gain the ſecond. 


A's Stock is $54 1. B's Stock is 851, 
his Time is 8 mon. his Time is 12 mon, 
produt 432 produQ& 1020 
C's Stock is 49 þ A's prod. 432 
his Time is 4 B'———1020 
———— C's 196 
product 196 
— Sum 1648 
. — — - —— 


In the Reſolution according to the cuſtomary method the 
ſeveral proportions are as follows, viz. 


Firſt, For A's gain. 


If 1648 : 309]. ; «£ 432. Anſwer811, A's gain, Is 


Se- 
4. 


: 1.10). Secondly, For. B's gain, 


If 1648 : 3ogl. : : 1020. Anſwer 191,251. 
Or, 191 |. 005, 6d. B's gain. 


Thirdly, For C's gain. 


If 1648 ; 3091. : : 196. Anſwer 36,75 1. , 
Or, 36 1. 155. C's gain. 


In the' Reſolution according to the new method. The 
Operations are (in brief) as follows, vix, 


1648) 309,17 (1875 


apnea 13875 187g 
14420 A 432 B 1020 © 
12360 37 59 37.500 _ 
=—— $625 18750 
8240 7500 
Puceparais B's 15 191,2500 l, 
A's gain 15 81,000 I, — 
"The Proof. 
l, bh .'8 & 
127g A's gain is 81,00 81-00-00 
C 196 B's —— '191,25 | Or | 195-00 
—— C's 36,75 | 3641 5-00 
T1250 ——— 
16875 Sum 309,00 Or, 309-00-00 
1875 


C's is 36,7500 l. 


| 
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The Fourth Example is in the Rule of Fellowſhip with 
Time. hs 


SE Merchants A, B, C, D, E and F Company, viz, 
[ s, A 


A laid in $2——14——00 62 
B 74 —= 15 ——00 74 
C— 83—03——o00\ for } 8: months, 
D —-— $8—-1 00 12! 
——]] 21-00 43 
bi gg ——I——00 9.1 


" They gained (by the whole) 2-891. 145. 6d. Quit 
each mans part of the gain according to his Stock and Time, 

The ſeveral Stocks and Time being multiplied together, 
the reſpettive produRs are as follows, viz, 


A's'Srock 62,7 1, B's Stock 7475 | 
Time 6,5 Time #925 
2635 37375 
3162 14950 
Cs. canta $2325 
produt 342,55 
7 —— produQt 541,9375 
5 Stock  ="5 8 D's. Stock. 58,551, | 
ime _»"9 Time I2,5 
41575. : 29275 
65520 I1710 
— 5855 
produt 706,775 —— 
—— pradudt 731,575 


E's Stock 
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E's Stock © 112,75 1. F's Stock 59,9 L 
Time 475: Time 7 


th 


2. lors produRt 419,3 
. 78925 
45100 


produt $35,5625 


A's produt 342,55. » 
B's $41,937$ 
C's 706,775 * 
D's 731,87 5* 
1 E's—— $35,5625 

Fi——419,3*** 


Sum 3278,0000 


_— 


In the Reſolution according to the cuſtomary method, 
the ſeveral proportions are as follows, viz. 


Firſt, For A's gain. 


If 3278 2 2089725 |. : : 342,55 Anſwer 218,375625 1. 
Or 2181. 55.6 d.og6 f. A's gain. 


Secondly, For B's gain. 


If 3278 : 2089,725 1. : : 541,9375.Anſw.345,48 515625. 
Or 3451. 95.8 d. 1,75 tf. B's gain. 


/ Thirdly, For C's gain, 
x3278 : 2089,725h.; : 706,775. Anſwer 450,5590625 l; 


Or 450 1. 11 5. 4d, 2,3 f. C's gain. 
Fourthly, 


add alt oi oiikoosb .! 
i JEL ITY ALLELE 'T 


. 
I 
.< . 


1110 


Fourthly, Far D's gain. 


If 3278: 2089,725 1, 731875. Anſv.466,5703124) 
\ Or 466 1. 11 5. 4 d. 335 f. D's gain, 


Fifthly, For E's gain. 


If 3278 : 2089,725 1.535,5625. Anſw.341,4210937g , 


Sixthly, For F's gain. 


If 3278 : 2089,725l, 419,3- Anlw. 267,3037gl, 
Or 2671.68. 0d. 3,6 f. F's gain, 


In the Reſolution by rhe new method. The operations 
are, Viz. 


2378) 2089,725 (,6375 A's product 342155 
. »0375$ 
12292 ———— 
— 171276 
24585 239785 
— 102965 
16390 205530 
© A's gain is 218,375525 
B's produQt* 541,9375 C's produt 706,775 
20375 | 16375 
27096875 3533895 © 
37935625 4947425 
16258125 2120325 
325162450 4240650 


B's gain is 345485156251. C's gains 480,55 906254 


hat: | | D's pro- 


| 


4 _— 


D's produtt 531,875 E's produdt $35-$625 
»0375 »5375S 


— ————— ——__—_—_——_—___—_—____—_——_  _—___— 


3659375 26778135 

$123125 374389375 
2195625 16066875 
4391250 32133750 


Ds gain is 456,57031251. E's gain 1s 341,4210937 $1. 


—__—_—————_——  ——— 


F's produRt 419,3 
55375 


F's gain is 269,30375 1. 


OO — 


The Proof. 


L $, a. qc. 
A's gain 15 —218——0J]—06-—0,6* 
MY Ce 34 $=mnnnOJ —— 08 m—_ 


C's ——— 45010423" 
D's nn 466 —— 11—04—3,5* 
E's =—————34I — 08 -— 0,——0,25 
Fg mn 267— 06——Q0—3z6 * 


—— 


SUM 2089 — 14—06——0,00 


—_— 
_wou_ — - 
I —— - —_— -  _ — 


= 212 - Decimal Arithmetfick. 


Grocer hath four ſorts of Sugar, 23, of 12 d. per|, 

of x0 d. per |. of 6d. per 1. and of 4d. perl, 
which he would make a Compoſition of 237 1. worth g q 
perl; I demand how much he muſt rake of each ſort ? 

I ſhall here (for brevity ſake) omir the divers ways 
linking the ſeveral Rates or Prices of the Simples propougd 
ed, referring ro other Authors that treat of Alligation at 
large, only ſhew the expeditious performance tnercof by the 
general Rule preceding, 


d. differ, 

The prices here being diſpoſed 12 ; 
of and linked as in the Margent 9d. )1o - | 2 
the ſum of the ſeveral diflerences 6 I 
IS 12, 4 | 3 
Sum 12 


The Reſolution hereof according to the cuſtomary method 
requires four proportions, (or the Rule of Three four times 
repeated } there being four quantities required, which pro- 
portions and operations are as follows, viz. 


Firſt, For the quantity of Sugar of 12d. per l. 
L j .-b j L | 


AS 12 : 237 : : $s. Anſwer 98,75 or 983. 
5 


12) 1185 (98,75 


Secondly, 


The Fifth Example is in Alligation Alternate] 


| O—_— 


GE ISS 


'\ Secondly, For the quantity of 10.d, per fs, 
L L CONES 
" As -þ 237 : : 3- Anſwer 59,2510r $93. 
| $5 bM>it':! Om 
< | 
| 12) m1 (5985 ——_— 
, nr —— 
" TT 237 6X : 
4 — 0: Y' [ 4 4 
3: ſai 3s 32. X 
. 60 "Ls mn 27's, 
; T4 
3 ' Thirdly, For the quantity Nas” 
VN 
3 | As 127 237 4 Anſwer 19,95.0r 194 4 c 
- I 
K * — F277 / One #- 
12).237 (19,75 TITER 4 = 
0d CNTIIES ' YOO0 A 40 
s 119 , k Gly 7 
0- — : 00 UnT. 
go 3944 
wel — 3 7% . | 26685 
. FE © Gab 
Fourthly, For the quantity at 4 d. perl! L TIGE Y 
$128 & SAL 00 
- As 2. 6.237 5 3.36 Anſwer 59,25 or-g9. 4h « 
In the Reſolution _ the new method ; the Ope- 
ations are expeCitiouſly as follows. 
ſecond number in the ions) being the Fo 


{ ikad, and 12 (the preceding y the Diviſor. 


I 12) 


9g OED PRt't2 © my Y þ 


' 0» 1814 2<-75 190A @þ * | 
— required gd, | 
90 
_— DO.0%. } wy ; 
| Of 
4 60 | | in 
At 10 d. perl. 19,75 At 64. p&T; 19,75) 7 
3 ADD 
required 59,25 /. required 19,74, - 
$229 .b d 2s 22intup oh 497 ,vlhaidt - 
A . . ; \ 
for of pert 29-19 r= 2 21 ber 
: "Jsi 
required WS * 
eq 59425 to 1) we © . me 
. | 
The Proof by Aliigation Medial..." | * 
| dei 
To make up this mixture there is required by the pre-| 
ceding work. 
| 
98,75 l.at 12.d,per |, And.aqia 9-per 94,75 14.134 5:06 
$9,25— 10 10- $9,259 — $9235 
197g —— 6" =" 19975 — 118.5, 
Ha q—— 3925 — 23,0" ] \ 
237500: the rt iT { Jo wn cn: 999! 
—— WIC $0361 a 
fl 07g pniboo"10 11 _ con 


Allo 237 l, as d. _ (the bal) Price) is > r35pet 


P _ > I. - Sw PF mu "4 - oo V . TT SY. - 
en, 7 ate 
J » Fw 4% " 3 p . T 
Decinial Arithmetic 75! 


| The Sixth Example is in Altigarton Alternate: © 
| , 
+8 


: lippoſe it were required ro make a mixture of 15 : gal- 


lons of Wine, viz, Of Canary at6 s.and-+ s, 2« | 
! © Of Malligo at 45. and at $$ 9d; per ; 
4 of White-Wine., at 3s. and at 25. 9 d. lo 
| In ſuch ſort chat this miXtute may be wortty 43. 6'd: per gal. 
1 Qure, How much of each ſort of Wine ought to be taken, 


"| roſarisfie the conditfon' of this queftioni + - 
| The ſeveral given prices «< 


” | {the reſpe&ive' forts of  V5%0® 


6 
3 


hy 1s inthe Margent, the ſum 


of all cheir differ.(from the 
mean price given) is ro8, = | 5 
63 129 the Sum 103 


—_ 


| The Reſolution hereof by the Cuſtomary method(there 4 

| oy hs quantities ſought) will require Six proportions, 4 

as _ A... 5 
; 13 FP 9:1 by | ' £ 


Firſt, For the quantity of Canary at 6 s. or 52 d..per gal. 
ASIOS : I55,25 2: : 39, Anſwer e5,0625 gal. 


Secondly, For the. quantity of Canary at 53 d. gallon. 


As 108 : 159,26: 15. Anſwer 21,5625 gallons. 


F Thirdly, For the quantity of Malligo, at4 5. or 48d. per gal. 


As 108 : I55,25 : 3 9. Anfwcr 124939 5/gallons. 


I 2 Fourth» 


As 108 2 155925 : 3 9 Anſwer 12,9375 gallons... 


Pity," For the quantity of White-Wine at 3 s. or 36 ak 


1%, Jos - : i $5525 :.18.  Anſyer 25187 6 gallons, 2 


Sixthly, For the quantiry of White-W1 we at 33d, per gi 


As 168 : ; 18. - Anſwer 25875 gennmny 


I55,25 ! 


In the Reſolution according ro:the .new merhod 1553 
the ſecond thumber and a common FaQor in als 


(beit 
Nreckving Pronpreen). is the dividend,: and 208 te 
nſoe 
208) 155,25 (1,437 at 724. 1,4375 © 
1 1 rm per gallon 3g 
472 
12937 $1!) 
495 43125- eajf 
810 required 55 0525gl 
$49 "_— my 
© 


Ar 63d. 1,4375 © " Arg$4. 1,437 


Fourthly, -For the. quantity of Malligo.at 45.4. per gat, 


per gallon 1s Per.gallon. px 
p 1, 
71875 required = 
14375 ——\ 


—————— 


requ, 21,5525 


3t 


=s © 


hes - 


"$36 E1m37s .. 


ALLE + Þ 
FEET F 


# . 
FS } , a. - W 
FS JAC 7 3 


f gallon ;, ....18... ..  . . 12,9375: gallons the Faftor, 
' per 8: ! 7 10 w bei E 8. ſame, S: c the 
115990, quannty. of 48d, per gall- 


14375. :- TI > Dale 
ELF, Likewiſe having the ſame Fa- 


Keqgired, 25,0758 Rors.lor the  quanciry it agd- 


(a for that of 35'd. per 
on ) there is required 
25,875 gall. 


Hence 1t ip ars (by: the preceding work) there 1s re- 
quired to make up the mixture propounded of each quannty 
4 follows, as bY-proof is evident. 


$6,0625 gall. of 72d. per gall. whichcomes to 4936, 53 « ids 


21,5525—of 63 — —,yz5” 
11,937 ;——of 48 —_— 213450. 
12937 5——Of 45 m———_ 
25,87 ;, ——of 35—— — 93I,$- + 
25875. — 0f 33 —— —- —— $53,975. 


1552500 gal.at 54 per gal.(mean rate given) is 8383, $000 


— —_— — — —— 


The ſame method and operation hold in all the divers 
ways of linking or coupling the values or prices given,where- 


by the quanriries required are as ofren alcered as the queſti- 


on admrs of divers Alligations, and yer all true, and the 
mixrure thereby produced will bear che rate propounded. 


It may alſo be obſerved that what harhbeenhere perform- 
ed by Decimals in thoſe Rules of plural proportion aforeſaid. 
The ſame may likewile be effeRed. by -yulgar Arithmetick, 
but then you will be'neceſſicared often to uſe vulgar Fradti- 
ons, whoſe operations are tor the moſt parr.much more te- 


dious and troubleſome then Decimals. Yer when it ſo hap- 


I 3 pens 


ſometimes it may) 2s that bor which & 20 


and uſually the ſecond term in the 


«7 


: 


; may be vent divided by the firſt, _ Y 


there no fraQtions in the © 
wy in fd, Poul: ike Examples, Ut 


Ler't be req 3 .to'make a —_— of 120 gallow 
theſe four ſorts Tf Wine. That is of Canary at 60 el 
Of ar £4.d. Of Rheniſh ac Fr And of 

"ar 34 d. per gallon, ſo' as that Fe faid 
may hear the price of 48d. ara# 


: diff. I 
40) 120 (3 rr 
. 1 yy—_—p—_ , 
120 (the common faRtor or he] 
the ſecond term in the cuſto- Sum, 40 
mary method) 1s here the. divi- HAI 


dend, and 40 (the firſt term) is the Diviſor, and g is the 
quotient without a fraction, and the work1s as follows, 


Of Canary 14 Of Mallago 8 
3 3 


— —————— 


required 42 gall. required 24 gallow 


2X 2x "'S - of 


Of Rheniſh « Of White-Wine 12 
3 | 3. 


requires 18 gall. required 35 ol 
oall. 4. -d. +73:740 


Canary 142X60 — 2520 | 
nor 0 24X54= 1296 fo 


18x40= ' 720 
Wit 355340 1224 | 


Sum .  120x48 = $960 


= © —=-=«© — 


en os © SK. 


—_— xX-} 


— 


BZ E 


FRSS k 


=| fie DT, 


- fortof Rye, a 3 d. buſhel, 
ATT 


OD rchar TEES coming fohoy axe LS 


example being performed by vulgar fragions, 


y af” « 
Thave > Buſhels of Whearar 60d. per buſhe] to mix with 
ameave fort of Wheat at $2 d. nies. ang erage 


at 33d. per I demand ho 
other ſorts ſhall I hd. with he EN to © 
the end that the ſaid mixture may be worth. 42 4. per buſhel. 


This queſtion is of that part 9 
of Alli 1 called (by Arith- 3 
mettle Alcernation partial, ' 42 107 
thoſe preceding of Alternation 18 
Toral. DT — 
_— 7 0) 


By this Alligation it appears thart if 9 buſbels of Wheat, 
at6o d. per buſhel, and 3 buſhels of Wheat,.af Cr _—_ d, per 
buſhel, be mixed with 10 buſhels of Rye, at.39 
Is of Rye, at 33 d. per buſhel. This gyxrure wand 
ed at 42 d. buſhel, and juſtly countervail the 


of the ſeveral] f POE, but it js re- 


r, .at.60 d. age bu 


| portians and work is as ( » Vik 
Firſt, _ the quaniry of 'of Whear ne} at 524d. 4 
As 9 > Wi 40 W : 33 W.:; facit. £32-0r 132 buſhels. 
3 


— —— 


9) 120 (133 


320 


Secondly, Hort Quan o yi 7 pra 
CEL: B. 


As 9g W: 4o0W: ;,10 KR: facie 32 or 443i 


IO” 


9) 400 (445 
40 
A 
Thirdly, For the quantity of Rye, at 33 d- per buſhel.It ho 


B: B. B. 
As 9 W:4o0W: : 18 R : facit 23% or 80 buſhels, 
3 


9) 720" (8 , 


omen 


OG 


Hence by the preceding operations, if with 4o buſhels d| 


Wheat at 6o d. pry buſhel ; 1 yok mingle 13 * buſhels of te 

ſame grain at. 52 per. bu 

per buſhel, and 80 Acnmshs Terdgreny) _ 

will bear the mean price prondked, uit. 4 ll na 

_—_ anſwers the condition of the quckion as by proof j 
ent. 


viz. 40 buſhels at 60d. per buſhel is: 24000, 
232 of 13} 52 —<232 of 693þ 
292 or 447 39 — — £592 of 1737} 


the ſum 197/———42 d.per buſh. (mean price)7466} | 


443 buſhels of Rye at 394] 


=_ - 


* aa fad 


h_ 


© a AV ym@&@ - 


} new method, 4o (the. common f 
| is) is the dividend and 9g the diviſor, 
 tieoare 


'4 


o # © -_w 


In the Reſolution of. the, laſt queſtion accofdi 0 the 
r in the p| bp pro- 
the opera- 


as follows, viz. 


9) 40 (45 or 43 is the common FaRog. Therefore 
{2 mulripl. by 3, gives 222 or 134 the quant.of Wh, at g2 d. 
10 32% or 44; thequanr. of Rye.at 29 
18 222 or 80 the quint; of Rye at 33 


4 So 


Here the ſame quantities of each ſort of grain are produ- 
ced as before, And jn Decimals the operations are as fol- 
lows, viz. | 

9) 40 (4444414, &c. is the quonent and comm, faor, 


40 


40, Kc. 
Note, that 40 is the quant. of Wheat at 60d. per buſh, 


And 4444444 X 3 = 134333333: Oc. bulb. 52 
alſo 4,444444x10 = 44444444, &c.— 39 


, and 4,4444 44x18 =» 79999999, Oc. —— 33 
\ quanr.in the mixrure is 199,777776 buſhels as before found 


equal to 1 97; prope. 
Thus much for Alligation Alternate whichif well pra&ti- 


'$ ſed and underſtood is ſufficient to enable the Reader for the 


Solution of ariy queſtion perraining to the ſaid Rule, by this 
new merhod, as mixing of che metrals, Compoſition of me- 
dicines, and the like ; for which ſee Sir Jon.zs Moore's Arith- 


. nerick , Kerſey upon VVingate's Arichmerick, and divers 


others. 


The Reader may alſo Ohſerve, That this compendious 


method for working the Rules of Fellowſhip and Alligarion 
Alter- . 


' vy + 
#7 of 


. 0 , IS P T* 7 ”- n 
” » 74s | ; J + 1 ' FY 
= . . © = Lo 
"- . *& 4a 


Akernats, i nor (a> my 7 knonledy) « to be met with in a 
Authour but 1n A Mart s A IX. to 
lj he b Bn oh Hot Pabliſher chef w, 

hitherto ſeen.” And I Have the rathet choſen to make 
neceſſar iorefion, as well to accommodate Decimals ty 
uſe in ſeveral Arichmetical operations, as alſo = th | 
—_—_— . Hrxe.o fe oo of oe enſui this 

rearite to the u neing e mea f) 
ſhall conclude Decimal Arithmetick and ene capa, 
traction of the he opt Root. 


1 ROOT. 


"OE x55 2 


The Extraftion of the Square 


I. O Extratthe Square-root of a given number, is to 
find ſuch a number, which being multiplied by 
(orimo) ir'ſelf produces the given number; -rherefore, - | 

2. A Square number is ſuch a number , whoſe; root 
may be:exaRly had as being produced-by the multiplies 
tion of any number into it ſelf, and therefore is «Iways com- 
menſurable to irs roor, © Thus 25 is 4 Square number pro- 
duced -by che multiplication of 5 by g' (whjchr is alſo calfed 
Squaring of a number) where obſerve that 5's called the 
root or fide and 25'the'$quare. TOR ENUCY 
_ 3- Square numbers are either Single or Compound: 

4- Single ſquare numbers are ſuch as are produced by the 
mulcjplication- of -aty one Single figure into it (elf, and 
therefore every fingle ſquare number is always leſs then, 
100 (which is the ſquare of 10.) So 25 is a ſingle (quare 
bumber produced of 5mulciplied into i ſelf,and 81 is a fingle 
(quare number produced by multiplying 9 into ir ſelf, &c. 

$. All fingle ſquare numbers with their reſpe&ive roots 
or ſides, are expreſt in the following Table. 


Roots or ſides | 1 l.alal41s 5171879 | 
Square numb.|': | 4|9| 16] 25 | 36 | 49| 64/81 | 


6. When the root of any number leſs then 1001s requi- 
red, which is not one of the ſingle ſquares expreſt in chus 
Table; you axe to rake for his root, the root of that ſingle 
(quare number in..the.. Table, which being the next leſs 
yeicomes neareſt to the given number, Thus if.the root. 


of 18's required, the greateſt ſquare in 18 is 16, and con- 


ſequently 


ſequently 4 is the neareſt Square root of 18, that canhe} * 


had in whole numbers, (and how to find the fraftional 


to be.aninexed to the root ſhall be hereafter ſhown) the like 
js to he underſtood of any other number leſs then 100, wat | 


expreſt in the Table. 
7. Compound Square numbers, are ſuch as are produced 


: 4 by the mulriplication of any numbers conſiſting of more 
” places then one, into (or by ) themſelves and are never le |. 


then 100 (which is the leaſt compound ſquare number, 
Thus $25.15 a compound Square number, produced by the 
Squaring of 25. and here 25 is the fide or root, and 624 
the ſquare thereof, So any number greater then g being 
ſquared (or mulriplied into it ſelf) produces a compound 
ſquare number. | 

8. The Root of any number under 100 may be eaſily dif 
covered ar fight, by che Table of ſingle Squares according to 
the preceding dire&ions, bur ro Extra che. root of a com- 
pound Square number confiſting of Integers, obſerve the 
following precepts. 


Firſt Point:the given number, wiz. place a point over the 
firſt figure rowards the right hand, and omitting every other 
figure, place another over the 3d. 5th. and 9th. and ſoon 
according to the number of places, rhe figures thus diſtin 
guiſhed are called points, and as many points as are inthe 
number propounded for Extrattion, of ſo many figures co0- 
fiſts the root ſoughr, if the number be rational or an'exatt 
compound Square. 

Secondly:* Draw a crooked line on the right hand of the 
number propoſed (after the manner of diviſion) for a quot 
ent wherejn to place the root. | 

Thirdly, Seek the greatcſt Square in the firſt point to 
wards the lefc hand (by the Table of fingle Squares). place 
che root in che quotient and ſubſtra@ che ſaid ſquare from 
rhe firſt point, tubſcribing rhe remainder underneath, the 
firſt poinr. MY + 

Fourthly, To this Remainder bring down the next point 
placing ir on che right hand chereof,' which call che Kt 
ſolyend. | | 


[ 


— 


Fifch- 


T7 @ATTT7S3SR 


85S x7 © 


> 
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—— 


_ Fifthly, Double the quotient (or root of the firſt point } + 


+ . Thirdly, The greateſt Square in rhe fieſt SF 


The work ſtands thus. 


"he Extraction of the Square Roof. 225. + 


and place ir on the left hand of the refolvend, _—_ 
ie therefrom - by a crooked line thus, which call the'D 


riſor. | 
Sixthly, Seek how often this diviſor (or double quorienr) 
js contained in all the figures of the Refolvend excepr the” , 


laſt rowards the right hand, (afrer the manner of diviſion) yg 


the anſwer in the quorient, and alſo on the right hand 
ofthe Diviſor. 

Seventhly, Multiply the Diviſor with the figure laſt add- 
ed by the figure laſted placed in the quorienr, and ſubſtra& 
that [p_ from the Reſolvend , ſubſcribing the Re- 
Ma! . 


r | | 
' Eighthly, To this Remainder bring down the next _ 
for a new Reſolvend , and proceed therewith as | with the 
firſt Reſolvend, repeating the work of the $gth. 6th. and 
1th. Rules (or precepts) foregoing and continhing ſo'to:do 
until the Extraction be finiſhed. io 


The firſt Example. 


Let it be required to Extra the Square-roor of 625 the 
root whereof will be found ro be 25 as by the following 


Operation, 


Firſt, The number being prepared by punAation _ .. . 
(according to the firſt precepr) ſtands rhus, which 625 
confifting of rwo poinrs, implyes che: root ſoughr 
toconfiſt of two figures or places. 

Secondly, Drawing a crooked line on the right . . 
hand of the given number for a quotient, behind - 625 ( 
whichto place the roor,then the work will ſtand thus. 


point, 6 1s 4, whoſe root 15 2, wherewith , 625 (2 
proceed (according to the 2d. precept)'and 4 


Remain. 2 


Fourah- 


% 


Ar | . 
: 
' 


125 The Extraction of the-ſoquareR 


| Fourthly, To the remainder 2 


T3% 
| 


bringing down the ner poinr 25, _ 
and proceeding therewith accord- 625 (25 
ing to the 5th. 6th, and 7th. pre- 4 
cepts,and the work ſtands as in the | 
margent., diviſor 45) 225 Refoly, 
225 Produg. 
O 


| _ Here Note, Thar the points being all brought down ad 
oremaining (after the laſt ſubſtra&ion) ſhews the opetats 
on is finiſhed, and alſo that 625 15 an 14d 


exa&t compound ſquare number, whoſe 25 
ſide or root is:25, as appears by ſqua- 25 
ring of 25 (being the proof the Ex- — 
traction of the ſquare-root ) which 125 
produces 625 the number propoſed, 50 
625 


Not, alſo that when (the diviſor with the figure laſt 
added, multiplied by the figure laft placed in the quotient) 
the produtt exceeds the Reſolvend the work is erroneous. 
To re&ifhe which place: a leſs  figure-in che quorient, but 
if che. remainder 1s greater then the next diviſor place 
greater figure in the quotient, wherewith proceed 
ing to the qrh. precepr, &c. 

Ir may alſo be obſerved, that the reaſon of pointing 
every other figure, is becauſe the ſquare of any one fngle 
figure neyer exceeds two places. | 

The operations (at large) of 3 or 4 more examples wil 
(1 preſume) make the Extrattion of the Square Root &f 
any rational (or Square) Number evident and intelligible 
enough, with little (if any) more Explication, 


Mort 


"" TheExteaticn of the Shuire-Nont-. 17. 
More Examples. | | 


Whats the ſquare Root of 136 9z The 


number prepared according: to the uft. 1 + 1369 ( 
1] and 2d. CeOnePt ſtands rhus; +; |; 
| : A278 336 , ( 
The Operation of the 3d. precept be - 9 —_ 
ing performed, the work ſtands thus, 
d | * Rem.4 
I 
The operation of the gth.precept _ 
beity obſerved the work ſtandsthus, © , 2369 (3 
CG 3 9 
469 Reſoly 
Lo 
The operation of che gth. precept 1269 (3 
—_ performed the work ſtands 9 
ſt us, : om 
) Diviſor 6) 469 Reſolv. 
I 
t LES 62 
| The operation of the 7rh, precept; + 1369.39, Roar, - 
6 | being performed the work ftands thus 9 ' £3 : 


and the whole operation is as in the = —— 
Margent, which ſhews 1369 15 g-ſqu. div,67( 5g Felaly. 
lumber, compoſed of 34 {qyareg- 469 produc 


— 


<> a. 


o Rem. 


Whats 


wet " . : hip | 3 —_— - -,-4 | oo . ” 
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Whats the Square Root of 1 $i 29 (123 the root ſought, ©! 
I 


3 


firſt diviſor 22) g1 Reſolvend 
44 produc 


ſecond diviſor 243) 729 reſolyend 
=o - 929; produ& 


O 


EY T7Z50T = SS Www Oo 


Whats the Square root of 226196 (486 the root ſought, 
16 


firſt divifor 88) 961 reſolvend 
704 produ&t 


ſecond diviſor 966) $796 reſolvend 
5796 produit 


O 


Whats the Square root of rp017664 (3508 the root requ 


firſt diviſor 55) 407 -reſalvend 
396' produt 


ſecond diviſor 520) 576 reſolvend 
000 produR. 


third diviſor 5208) $7664 reſolyend 
57664 product 


LS 
ce 
-- 


O 


F” The Extraction of the Phuare Root. 129: 


Here by the way obſerve, That when the diviſor cannor 
be had un the Reſolvend(according to the 6th.-ptecept)thery 
place a cypher in the quotient, and alſo on the rigtit hand 
of the diviſor, and chen you may either remove the reſol- 
vend a ſtep lower, and annex the. next point thereto for a 
new reſolvend, ſetting the new diviſor. alſo in the ſame line y 
therewith, as in the operation of the laſt cxample. Or ler 
both the reſolvend and diviſor remain,-anacxing the next 
point, as in the following operation of the laſt example, be- 
wg again repeated, | 


I 301 15 64 (3508 the root required. 


9- 
) . | 4 
diviſor 65) 401 refolvend -:*! ! wr 
6] @ © © diviſor 7208) $7664 reſolvend 3 4169 yared 
'* $7664 produtt !-::" n oC 
A 
Whats the ſquare Root cf 49126081 (700g the root requ. 
49 Me OP TUNES "7 
firſt diviſor 140) 12 reſolvend 
oo product " 


ſecond diviſor 14c0) 1260 reſolvend 
©0000 produg 


third diviſor 14009) 12608 1 reſolvend 
« | 125081 product 


a—— — 


© 


r36 The ftrattion of the Hquare 


' The laft Example being. again repeated, the # 


# follows. - 


-49126081 (7009 
49 


diviſor 1.4009) 126081 reſolvend 
126081 produ& 


O 


But if there be a rational (or ſquare) number p 
for Extra&ion, conſiſting either -of integers with Decimuj 
annexed, or of Decimals-alene, then poinr every otherk. 
ure in the Decimals from uniries:place rowards the rj 
and, as you do the integers towards the left hand, anda 
many points as a#rc''in the Decimals annexed or 
So many Decimal placesarein'the Root ſought, 


Firſt, Examples of mixt Numbers commenſurable to ther 
Roots, 


Whats the ſquare Root of 3283,29 (57,3 the root ſought, 
25 | 


diviſor 107) 783 reſolvend 
749 product 


diviſor 1143) 3429 reſolvend 
3429 .produR 


Oo 


performed in-ſhoct, according to . the preceding dirediaz 7 


2n>-== 


" The Extraction af the Square-Rook. 133 


Whas the ſquare root of 4495-7025 (47,05, the root requ, 
" 3 5 owt a ” - 


127) 39s 
_ Usg 
13405) 69025 
| 67025 


rm er mrrnnnn men nn ——_—_ —— 


O 


Secondly, Examples of Decimals Numbers, Commenſu- 
nble tro their Roots. 


Whats the Square root of 11225 (,35 the root required. 
9 FE * 
65) 325 
325 


© 


Whats the ſquare root of ,571536 (,756 the root required: 
49 % 


145) 815 
725 


1506) 9036 
9036 


os 


Ale the ſquare root of ,082 54129 15 ,2873- 


K 2 And \ 


132 Thr Extraction of the @quare Kelſt. * 
And here obſerve, both in mixr numbers and Decimal 
alone rhat if the number of decimal places be nor even; 


two, four, fix, eight, ec. places, then the number pro 
pounded 1s incommenſurable to irs ſquare root. 


Note alſo, when a decimal fration 1s propoſed for Ex 
tration, which hath rwwo or three cyphers, poſſeſſing the 
rwo or three firſt places next the left hand, cur off two gf 
them with a daſh of the pen, and place a cypher in the firſ 
place of the root, and if the given decimal have four cyphen 
before it, then cut them of, and place two cyphers in the 
root, and proceed to Extra&t the ſquare Root of the re- 


maining-figures as is already taught, 


00/4489 (,067 the root, 
Thus the Square root of 35 
» £24489 15 ,067 ſee the Ope- , — _= 
ration in the margenr. 127) 889 
x { >. 889 


—— —— 


O 


Alſo the ſquare root of ,coo0|351649 will (in like mat- 
ner} be found to be. 00593, , . .. 3. rs hed 
Hirherto hath been ſpoken cgncerning the Extraftion of 
the.ſquare root of any ſquare or rational numbers, (whether 
whole, mixt or decimal) viz.-fuch as are commenſuradl 
to their ſquare roots. | 
But if when all the points inthe given number are finiſhed 
there be yet a remainder after the laſt Subſtration, ſuch are 
called ſfurd numbers (being incommenſurable to their ſquare 
roots) whoſe ſquare roots, thongh they be inexplicable bj 
numbers, yet may be obtained infinitely near by an of 
proximation, according to the following direttions, v4 
When a ſurd- number js propoſed for Extraction, col 
fiſting all of integers z proceed therewith as with ara 


whole number till all the points are finiſhed, and Fw | 
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" The-xtraction of the Square Root, 733 


| here will always be a remainder, which nor only ſhews thac 
*| the number propoſed js a ſurd number ; but alſo that you 


have already found the greateſt whole number that the 

root can conſiſt of, and to find the decimal fration 
tbe annexed to the root found,to bring it nearer the truth, 
proceed thus, place rwo cyphers on the right hand of the 
remainder for a new reſfolvend, and find alſo a new diviſor, 
zherewich proceed according to the 6th. and 7th. precepts, 
ndthere will be produced one figure more to be placed in 
the quotient, which 1s the firſt figure (or place of Tens) in 
the decimals, and ſo by a continual annexing of two cyphers 
wevery laſt remainder, you may continue the Extra&ion to 
$ many places of decimals as you pleaſe. For as many pairs 
of cyphers as are annexed ſo many == of decimals are in 
the root, which are to be diſtinguiſhed from the integers by 


2commas. | 
E xamples. 
Whats the ſquare root of 696 3 (83,47 &c. the Root prope. 
64 
firſt diviſor 143) $68 reſolvend 
489 product 


ſecond diviſor 1554) 7900 reſolvend.;; 31 
6655 produ&t 


third diviſor 1£687) 124400 reſalvend aq 
116309 produt : 


Rem. 7591, ©c. 


334 


Whats the ſquare root of $6183 (288,29 &«.the root prſi 
4 


43) 167 
129 


468) 3883 

3744 
4762) 13500 
9524 


47649) 437600 
428341 


8759, Oc. 


Here Note, That having -found the integral part of the 
Square root of any Surd number, the remainder may be ex 
preſt jti texms of a vulgar fration _ thus, viz. Dodble the 
remainder for a numerator, and quadruple (or multiply by 
4) the root found, whereunto 1, for the denominatet 
thereof, which vulgar fractidn being annexed. tg the root 
food, that mixt number ſhall be the Square-root of the Surd 
number propoſed, (prope verum.) 

Thus, If the fquare-root of 18 were ___— the integral 
part of the root1s'4; and 2 remains, which doubled 1s 
for the numerator, and 4 ( the root found ) quadrup 
makes 16, -to'Wwhich add 1 and it is 17 for the denominata 
thereof, Hence F conclude that 4-5 is the neereſt _ 
root of 18,that can be-expreſt in numbers,unleſs you ule the 
method of approximation by decimals as aforeſaid, by at- 
nexing a competent number of pairs of Typhers, whereby 
the _ of any Surd number may be obtained infinitely the 
truth. 

But when a Surd number is propoſed for Extra&ion, cot 
—__ decimals alone, or of decimals annexed to integers, 
if ſuch Caſes jr is moſt convenient to uſe the method of ap 
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tion aforeſaid, regard had to the precedi Rules 
ſe, obſerving that if the deeimal neeybence 

even, they muſt be made ſo'by annexing a r, for the 
eight, Oc. 


decimals muſt always conſiſt of rwo, four, PL; 
' places, before they be diſtinguiſhed by points, 


Firſt, Examples of Mixt and Surd Numbers. 


Whats the Square root of 1392.85 (37,31,0c.the root fere. 
9 


firſt diviſor 67) 492 reſolvend 
4569 product 


fecond diviſor 743) 2386 reſolvend 
22 29 produR. 


third diviſor 7552) 15700 reſolvend '* © 
15124 produtt} 


Rem. $576, ©. 


Whats the (qu.root of 16782,493 16780,4930 (1 29,539 
I 


Here there muſt be a cypher ST. 
mentothe dechacb(amed. ©) "7 
Ing ro the Rule already dehvered — 
for that purpoſe) to make the 249)2380 
number of decimal places even: 2240 
and continuing the extrattion 2585)13949 
afer = —_—_— < the given 12925 
number are finiſhed by annexing  ſn02420. 
two cyphers,ro make a nearer ap- 2590319243 


- 11109 
proach, the Square root will be, 
25906 9)247 2100 
129,539, Oc. ——_ 


Rem, 149479 Ot, 


ifo 


A 4 
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Alfo the Square root of 155424,458 15 394,233 fere. | 


--And the Square Root of 8358998,34 58, is 2892,922 fot. 


Secondly,cxamples of Decimals being ſurd quantities, 


Whats the ſquare root of ,75 (,866 the root required propy, 
64 


— 


166) 1100 
996 


1726) 10400 
10356 


Rem. 4:, &*. 
Alio the Square root of ,8125 15 ,g013, &c. fere. 


And the ſquare root of ,39583 is,62915,&c. fert. 


If a vulgar fration that is commenſurable to 1ts ſquare 
root be. propoſed for Extration 3 Extra& the ſquare-root 
of the numerator for a new numerator,and alſo of the deno- 
minator,for a new denominator,ſo ſhall rhe new fraRion (thus 
found ) be the ſquare root of the fration propounded;thus the 
{quare-root of ;2 1s 3; and the ſquare root of 43+ 1s 4. . 

But here obſerve, that if the fraftion propoſed for Extra- 
Aion, be not in its leaſt rerms, it muſt firſt be reduced to 
Its leaſt terms, for ir ofcen happens that though the former 
be incommenſurable to irs ſquare root, yer the latter may be 
commenſurable. Thus if the ſquare root of 2+ is required. 

In its given terms the frattion in incommenſurable+to its 
ſquare root, but being reduced to 4 (its leaſt rerms_) the 
ſquare root is 2. | 
* Alfothe ſquare root of 274 is inexplicable in the given 
terms, but being reduced to 15 (its leaſt rerms } the Square 
root 15 4. | 
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If the vulgar FraQion given be incommenſurable to its 

r& roor, both in the given rerms and alſo in any other 
terms that it is reduceable ro. Then reduce the ſaid vulgar 
Fraction into decimals confiſting of even number of places. 
4nd then extra& the Square root thereof by approximation 
iccording to'the precepts already delivered. 

Thus if the Square root 3 be required its equivalent Deci- 
mal is ,75 whoſe Square root is ,86602, &c. therefore the 
Square rat of }. is ,86602 fere. ; 

Alſo if the' Square root were required, its equivalent 
decimal is ,8125 whoſe Square root is ,9013 fert, &c. 

Alſo if a mixt number is propoſed for extraRtion whoſe 
rational part is expreſt in rerms of a vulgar fraftion (and 
not in decimals.) Reduce ir into an improper frattion, and 
(if commenſurable) extra& the Square root of the numera- 
tor and denominator as before,obſerving the aforeſaid caurion 
of reducing the fra&ional parc of the ——_— (or 'the 
improper fra&tion equivalent ro the mrnxr ber) 1mrto 1ts 
leaſt rerms 3 | 

Thus if the Square root of $$ were required it will be'2} 
forthe improper fraftion equivalent to 55 is <3 "and the 
Square root of 4g is} or 24. $197 

And (after the ſarye manner) the Square root of 3443'1s 

$7. Bur if cthe.improper fra&ion. (equivalent ro the mixv * 
number propoſed. for extration) be -incommenſurableto its 
Square root. Then reduce the:fraftional part of the mixe 
tumber into decimals, of an even number of places. And 
extra the Square root thereof by approach as before. 
- Thus if it were required to extratrhe Square of 1267, the 
Improper fraction thence reſulring is £214: which becauſe 
each term is incommenſurable to 1rs Square root, therefore 
reducing 5 (the fraRional part of the given mixe number) 
fro decimals, (according to the laſt rule preceding ) and 
the-mixr decimal number rhence reſaultiug will be 126,625 
whoſe ſquare root being extracted (according to the former 
rules) is 11,2528 fere, So that the Square root of 126+ 15 
11,2528, &c, 

Alſo the ſquare root of 139243 being required, the 1m- 
proper fraRtzon equivalent thereto is £2443. which ye 
| menſu- 


'T 36 Lhe Extracion-of the Square Roof. 
equivalent to. the fractional part 43 xed 
ivalent to. the fr part 7; annexed to 139% (the 
| icegrdl jor the given number) gives the wine R 
392,86 whoſe Square root is 37,39 &c. which was required 

The hike underſtand of all other mixt Surd numbers. 

Alſo you may obſerve (before we make an end of extra 
&ion of the: Square root;) that divers Authors expreſs the 
__—_— roots of all Surd quantities or pumbers incommendſe- 
fable to their ſquare roots ; whether whole, mi or Fra 
Rional;z by prefixing this charaRer before the given number, 
viz. V or vq. as implying that the Square roor of the number 
or quantity before which it1s prefixed is to be exrradted. 
Thus the root of 55 may be thus expreft, 'v. 44 or thu 
'vq.53. The roorof. ,75 thus v.75 ; or thus V.q-,75. The 
root of 2 thus v.1Z, or thus vq.32, &c. 


Nettalfo; Thar the Square root of any fration (leſs then 
x or unity) wikether vulgar or decimal, is always leſs then 
the fra&ion propoſed for extraftion, As ſuppoſe the ſquare 
root of 4 or 25 is required, the root will be = or ,s, for 
2 ſquared is > of ,s (quated is ,25. For iris evident that 
if a (quare be made cach fide thereof a foar, then 7 of that 
ſquate is 1 quarter of a ſquafe foor,and the fide of that ſquare 
(which contains 2 of & ſquare foot) is 4 a foot in length, 
and cherefore the ſquare root of 4 is * : The like is to be 
underſtvod of any other fration, 


The Proof of the Extraftion of the Square Root. 


'F HE operation in the ExtraQion of the ſquare root may 
be. proved divers ways, but the beſt and moſt uſu 
proofis by ſquaring the root found, and if the produRt with 
the remainder added (if there be any) be equal to the num- 
ber propoſed for extra&ion, rhe operation is true, other- 
wife tot; —— or by the Croſs and caſting away the 9's thus 
Caſt away-all the 9's our of the number propoſed for extra 
on, and place the remainder oyer the Groſs. And alſo " 


ro its Square root, therefore [,86 the decimul | 
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of the root found, placing the remainder oneach fide of the 


Croſs, which remaintler-ſquare, and therero add the remain- 
der after the extraQion is ended (if there beany) our of 
which Sum caſt away all the g's. And this laſt remainder 
will be equal to thac above the croſs, if there be no errour in 
the operation z or by Diviſion thus, 


In any ſquare number Divige the number propoſed for 
Extration, by the ſquare rod found; and the quotient will 
be equal to the ſaid root without + remainder, 1t the opeta- 
tion 15 true, 

In Surd niimbersphe quotient will be rhe fatfie 4 the rbor 
found, and alſo the remainder of the divifiori equit ro the 
remainder afrer-the extraction 15s ended, if the operation 15 


true. | 
Asinthe firſt Example in ſquare numbers, where 62g is 

rp ro eRtra& the ſquare root thereof, which is there 
nd ro be 25, therefore ſeing 25 (the root found) being 

{quared produces 625, | conchilt che operatton is true, 


4 


25 
25 


125 
No) 


produc 525 


The proof of the preceding Example by the Croſs, &c, 


The number propoſed for Extraftion is—62 5 4 


The root found '1———— 25 
—_— 7 


The remainder 15 — 
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The proof by Diviſion 25) 628 (25 


I25 


Dn EY 
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The Firſt Example in Surd numbers being examined ac- 
cording to the three foregoing Rules, for Proof, the operati- 
on thereof will be found true. 


Firſt by (quaring the root found, and adding thereto the 
remainder after extraQgion. 


- | The number propoſed is——5958 
The root fGund 1s- 83,47 
The remainder is ——<——7591 


83,47 
8347 


53429 
33388 
"25041 
66776 


prod. 6967,2409 
7591 Remaind. 


Sum 6968,c000 the number propoſed. 


Secondly, By the Crofs, '&c. 
The number given——— 69658 2 


The Root found - 83,47 4 X - 
| The Remainder ———75g91 


2 
Thirdly, 


The Extraction of the Square Roof, 14x 
Thirdly, by Diviſion, &c. 
; 83:47) 6968,0 (83.47 
29040 


Co A 


[ 645020 


Remainder 97591 


Thus much for the Extraction of the Square roat' where- 
in Thave been the more large, that ir may be intelligible ro - 
ordinary capacities 3 and conſidering that I write [to Learn- _ 
ers and not the Learned, I hope my prolixity is pardon- 
able , ſo ſhall not enlarge any (urther, referring the Reader 
to'the third and fourth Cates of right Angled plain Tri- 
avgles in the preceding Treariſe of Arithmerical; Trigono- 
metry, for the 'uſe (or application) of the Square roor jn 
the Reſolution of plain Triangles, being alſo ſubſervient in 
the reſolurion-of all the Caſes; 'borh in righe aud Oblique 
plain-Triangles, according to the method delivercd in the 
foreſaid Treariſe. | 

And to the end that this miſcellaneous Trat may be of 
more general uſe then if here concluded, I ſhall 1n rhe ſubſe- 
quent part hereof, lay down the riſe and ConſtraQticn, of ſe- 
; veral Tables, of general uſe in the Mathemaricks in as intel- 
Ip1ble cerms, and with as plain direRions, as 1 can poſlibly, 
conf:dering my Hmits, 412, | 


Firſt, Of the Natural Sines, Tangents and Secants, with their 
riſe, and the Con'trattion by making Tables thereof. 


v, 
Secondly, Of the Logarithms thtir riſe, and Conſtradtion. 


Thirdly, Of the Logarithmical (or Ariificzal) Sines, Tangents, 
| an1 Straus, 


Tht 
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and its Parts. 
Y way of IntroduRjon, as alſo for method ſake, jt 
may be proper ro begin with the Definirion of a 
Circle and. 1ts parts, before we proceed to the De- 


B finition and Conſtrution of the Natural Siges, 


Tangents and Secants. 


Figure 22. Definition 1. A Circles a plain, figure, con- 
tained -under one term orline called rhe Gjrcumference,and 
by ſome the Perimeter or Periphery;z as ab cd. 

2, 'The Center of a Circle 15that poinc 4n. che very midft 
thereof (a5 ate) from which all right lnes (called Radju's) 
drawn to the Circumference, are equal. to one another, as 
ea, eb, eo, ec, ed, 

3- The Diameter of a Circle, is a right line drawn from 
one fide of the Circle, to .paſs through the center ro the 
other fide thereof, dividing the circle. jnro two equal parts, 
as ac and bd, &c. | 

4- The Semi-Diamerter or Radius of a Circle, is juſt one 
half of. the Diameter, being contained between the center 
and the circumference, as ea, cb, ,eo, ec, ,ed, &c. 

5. A Semi-Circle is half the circumference of a whole 
circle, being limited by.the diameter asa b-c ora d c. 

6. A Quadrant is the fourth part of rhe circumference of 
a whole circlc. or halfof a ſemi-circle, and 1s limited by the 
rwo-diameters a c and bd \crofling each or at right An- 
ples in the center, as the Arches ab, bc, cd, and da, cach 
beivg @ Quadrant. 


7. An 


T he Definition of a CIRCLE. 
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The Defnifionof a Circle and rfs parts. 143 
, An Arch of a circle, is ſome part of the circumfer 
injeod by rwo poinrs called the hs LIE 
asthe Arches ao, bo, or oc. | 
8. The circumference of every circle 'js Juppoled to 
divided into 360 equal parts called degrees, each degree, 
ſubdivided jnco ,6o equal parts, called minutes; and ggain 
each minure-Imo-5o equal parts called feconds, and ſo-on; 
this being called the Sexagiſmal diviſion. :Henceric follows, 
9. A Semi-circlg contains 180 degpees, and aQuadant go 
res. 
"ow The meaſure of an Angle is an Arch of a circle inter- 
berween the two fides contianing the Angle being de- 
ſmbed on the Angular point asa center, and as many degrees 
rhe Arch contains, ſo much is the Angle ; ſo the meaſpre 


rant, Aa 


of a right Angle (as aeb, 'bec, &c.) is always . go'deg. or -* 
I ad a *s + IE 
11. An Acute Angle (as beo) is always leſs; and an Ob- © L£ 


tuſe Angle (as aco) greater rhen 2 right angle. 
12. The Complement of an'Atch or Angle to'a quadrant, 
1sſo much as it wants of go deg. as gye Arches bo' and 
being both go deg. 'are thereof the Complement of 'cach 
other ro go deg. But the Complement of an Arch'or Angc 
to a Semi-circle is ſo much as it wants of 180 deg. as thr 
Arches ao and oc-.are rhe ' Complement of cach other ro 
180 deg. and both rogether equal. to 180 deg. © 

Now foraſmuch as the Ratio, or,proportion, of Arches one 
1another;as alſo of an Arch to a righr-line is yet unknown ; 
and becauſe the Angles of plain Triangles, as-alſ> both che 


Angles and fides of Spherical, are meaſured by Arches of 2 


dircle ; therefore the proportion of all the parts of a Trian- 
gle,one to another cannot be determined, in order.to their 
calculation 3 'uftileſs thoſe Arches be firſt reduced to right- 


lines, and the length of cach defined according to,an aflign- 


« Radius. 


The 


144 -- ADefinitiondf Chozds,: ines; - 
The Right-Lines of a Circle applyed to the meaſuring 
of Arches and Angles, are Chords, Sines, Ta, 
gents, Semi-T angents and Secants. 


Such as are now generally uſed in the Calculation 
of Triangles; are Sines, 'Tangents, Secants, 
and ſometimes Verſed Sines. , on 


Figure 22. Def. 1. The Chord or Subtenſe of an Arch th 
or Angle 1s a right-line drawn within a circle dividing the (0 
circumference into parts, and 1s a Chord to them boch, & 
ok is a chord of the Arch o c k, and alſo of the Arch oak, gh 
the Complement of ock to 359 deg. Likewiſe oc jsa 

*. + Chordofche Archow c (or the Angle oec). as allo of the | © 
Arch oac, which 1s the Complement of © w c ro 360 deg, 
The greateſt chord 1s a c or b d the diameter of the circle, 
and js the chord of half the circumference. 

2. & Sinayis citheFRighr or Verſed. 

The right Sine of an Arch or Angle, is a right-hne drawn 
within a Semij-circle from one end or term of an Arch per- 
pendicular to. the Diameter; and is a _.Sine to two Arches 
both equal to a Semi-circle, and therefore are the Comple- 
ments of each other to 180 deg. as on isa Sine of the Arch 
oc (ar. the Angleoec_) and alſoofthe Archo b c (or the 
Angle oe a) the Complement of o c to 189 deg, Or, the. 
Sine of an arch is half che'chord of rwice that arch. Thus 
on the Sine of the arch owc is half of ok the chorddl p 
the double archo ck. The greareſt Sine, is eb the Radivs | © 
or Semi-Diameter of rhe circle, and is called the whole Sine, 
being the Sine of a Quadrant or go deg, *' ,_ WF 

,.. A Verſed Sine, 15 that part of the diameter cantgined 
berween the right Sine of an Arch and the circumference; 
thus nc is the Verſed Sine of the Archoc (or k c) and al 
the Verſed Sine of the Archoba (or k da.) | 


4. The 


7 6S 


Tangets and Secants, 145 
| 4 The Tangent of an Arch or Angle is a right-line per- 

icular to the end of the Diameter, & rouching the circle 
withour, being limited by a right-line preceding from the 


{ center, by the end or cerm of the Arch : thus-c m 1s a Tan- 


gent of the Arch c o (or the Angle c e 0) as likewiſe of the 
Archob a (or the Angleoe a) the Complement of oc to 
180 degrees, 

s. The Secant of an Arch or Angle; is a right-line drawn 
from the center of the circle, cutting the circumference in 
one of the extremities of the Arch and continued till it meer 
with the Tangent of the ſame Arch, as e m is a Secant of 
the Arch oc (orthe Angle oe c) and alſoof the Archoba 
(or the Angle oe a) the complement thereof ro 180 d. 

6, A Semi-Tangent 15 the Tangent of half an Arch or An- 
gle, and nor half the whole Tangent of an Arch, thus the 
Semi-Tangent of the Arch oc, is c F (the whole Tangentof 
ew which is half the Arch oc) and not half of cm (the 
whole Tangenrof che Arch/o c.) 

95, The Co-ſinc of an Arch or Angle leſs then a quadrant, 
$the Sine of that Arches complement to go d. the like un- 
derſtand of rhe Co-Tangent or Co-Secant. Thys T o is the 
Co-Sine, bR the Co-Tangent, and cR the Co-Secant of the 
Arch cwo being alſo the Sine, Tangent and Secant of the 
Arch bo the complement of oc to go d, 

8. The Co-fine, Co-Tangents, &c, of a Arch greater then 
a Quadrant, is the Sine, Tangent, &c. of the excels of thac 
Arch above a quadrant or 90d. Thus the coſine, co-rangent 
andco-ſecant ofthe Arch oba is To bR and cR, 

9. By the preceding definitions, it evident that a Chord is 
common to two Arches, which togerher make a whole Cir- 
de, and are therefore the complements of each other to 350 
d. and likewiſe a fine, tangent and fecant is common torwo 
Arches, which together are equal to a Semi-circle, and are 
the therefore the complements of each other co 180 d. 


Thus much for the definirion or deſcription of Rjght-lines 
pplyed ro Arches, next follows the Conftruction or making 
of thoſe natural Lines. 
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The ConftruiFion or making of the 
NatnralSines,T angents and Se. 
cants is either Linear or Ta- 
bular- 


HE Linear ConfſtruRion is the making of rhoſe Lines, a; 
they are uſually plac'd upon the Marriners plain Scale, 
and may be performed Geomerrically, as follows. 


Figure 22. Firſt, .Deſcribe a ciftcle as abcd of a con» 
venient Radius, which divide into four quarters or quadfants 
by two Diameters, ac and bd croſſing each orher ar Right 
Angles mn rhe Center. 

2. For the Line of Chords ; draw the chord Line of the 
quadrant be 3 an divide the arch rhereof into 9 equal par, 
which mark with 10, 20, 30, &c ro go from cto b, then 
wirh the one foot of yvur compaſſ*s reſting 1n c as a center, 
with rhe orher transfer the ſeveral diviſions from the arch &© 
the Riphr Lme b c, and number 1: alſo with 10, 20, 30,8, 
ocpoon_ thoſe jn the arch, (o ſhall bc be a lineof 
Chords to every 10 deg. and if every 10 in the arch be again 
divided mmro 1o equal parts, and jn Iixe manner tra 
ferred to the chord Line, will-give all the intermediare of 
ſingle degrees ; bur it may ſuffice if every 10 in rhe Right 
Iize be divided 19ro 10 equal parts. 


3- For the Line of Righr Sinesz From the points of the 
ſeveral divifzons 10, 20, 30, &c. in the arch cb, draw p#- 
rallels ro eb curing ec, fo fha!l ec be divided into a lined 
right Sines which number with 10, 20, 30, &c., Togo from 
eto c, the ſingle degrees may be had, by dividing ever) 
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"The Conffrucion of the lines of Cho2ds,+c.14.7 
10in thearch inro 10 equal pares, and drawing parallels as 
before, bur if every 10 1n the in the righr line ec,be divided 
into 10 equal parts it will ſuffice withour any ſenfible error. 

4. If thoſe ſeveral diviſions in the right line ec be num- 
bred with jo, 20, go, &c. from c ro e it will bea line of 
VYerſed Sines to go deg. and may afrer the ſame manner be 
continued from e to a(the other half of che Diameter )to 180 
degrees. 

C For the Line of Tangents 3 On one end of the Diame- 
ter as at C, raiſe the perpendicular cm to touch the circle 
without, which continue to a ſufhicient length ; and by the 
edge of a Ruler laid from the center e to the ſeveral divifions 


10, 20, 30, &c. 1n the arch of the quadrant cb. Di- 


vide the line cm into thoſe ſeveral parts 10, 20, 30 &c. 
correſponding the diviſions on the arch ; hereby is cm un- 
equally divided, and becomes a line of whole Tangentrs. 

6. For the Line of Secahrs ; Ser one foor of the Compal- 
les in the Center at e, and with the other transfer thoſe ſe- 
reral extents co the graduations inthe line cm, to the right 
lne eR, which mark alſo with 10, 20, 20, &c. correſpon- 
dent to the graduations iti the line cm, ſo ſhall eR be a line 
of Secants, The ſingle degrees on the lines of Tangents and 
Secants oughr to be graduated by the ſame reaſon from the 
bogle degrees of the arch asevery 10 is eſpecially rhoſe above 
40 d. forthen rhey increaſe faſt and alſo very uncqually. 

7, For the Line of Semi-Tangents. Ey the cdge of a Ru- 
ler laid from a to the ſeveral Diviſions 10, 20, 3o, &c. in 
the quadran®c b, Divide the line eb into the ſeveral parts 
10, 20, 3o, &c. to go d. correſponding with thoſe in the 
ach, (o thall cb betome a line of Semi-Tangents,the ſingle 
degrees may be divided like as the 10's or if every 10 in 
the line eb be equally divided into 10 jt may ſerve. 

8, There is allo pertaining to the plain ſcale ſeveral othet 
lines, as lines of equal” parts of ſeveral lengths fitted to 
ſereral Radius's of Chords, alſo a line of Rumbs or points of 
the Compaſs, a line of miles of Longitude and ſome has a 
line of hours each whereof (though it be ſome digreflion 
rom my preſent fubjc&) I thall give a brief hint of cheit 


ConſtruQion, 
L 2 9, For 
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0, For the Lines of Equal parts; There needs no di- 
retions, 

10, For the Line of Rumbs. Divide the arch of the qua. 
drant ab into 8 equal parts, then one point of the Compaſſes 
reſting in a, with the other transfer the ſeveral extents to 
thoſe divifions unto the right line ab which number with 
I, 2, 3, &c, to8 from a to b, ſo is ab a line of Rumbs or 
points of rhe Compaſs. f 

11, For the Line of Hours, Divide the arch of the qua- 
drant ad into 6 equal parts, and from a as a center transfer 
them, (in like manner) to the right line ad which will be 
a line of Hours, to be uſed with the foreſaid line of chords, 

12, For the Line of Longitude. Draw the right lines 
d6 parallel to ec and cs parallel to ed ; fo is the ſquare 
decl conſtructed, divide the line ds into fix equal part, 
and draw the lines 5; e, 4 d, &c. parallel rode whereby the 
arch of the quadrant cd 1s divided into fix unequal parts; 
Then placing one point of the Compaſles in c with the other 
transfer theſeveral extents to the points edc, &c. inthe arch 
to the right line cd, fo ſhall cd be a line of Longirude, to 


every 10 miles or minutes, and all the intermediare or fin- 


gle parts, ought to be divided like as the 10's 1s by divid- 
ing the ſeveral parrs-of the line ds into 10 equal parts, and 
drawing parallels for each, &c. This line of Longitude 1sto 
be uſed with the line of chords aforeſaid and ſerves to find 
how many miles or minutes, in any parallel of Latitude al- 
rers (or anſwers to) a degree of Longitudein the equinoQul, 
Bur as to the ſeveral uſes of rhoſe lines aforeſaid my limits 
will not permir to treat of here, heing ſo frequent and ge- 
neral in the prattical parts of the Machemacicks. I ſhall 
therefore refcr to {ach as have already well applyed them to 
uſe, as Collins Plain Scale, Sellers Prattica! Navigation, and 
ſeveral O:hers. Oaly obierve, 

Thar thoſe fines being all made to one Radius (as thoſe 
preceding are) they may be uſed jointly one with anorher 
and not otherwiſe ; aud if they be made all-to correſpond 
with the ſame Radius, then rhe chord of 60 deg. the Tat- 
genr, of 45 d. the Semi-Tangent, and- Sine of go d. are all 
equal one to another, and allo equal ro the Scmi-diameter 
or Radius, Nitt, 
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; Note alſo, That if the Radius be divided jnro any number 
of equal parts, but moſt conveniently 10, 100, &c. and if 
aline of equal parts be made correſponding therewith of a 
ſufficient length, you may thereby meaſure the length of the 
Chord, Sine, Tangent, &c. of any arch, and find how ma- 
ny of thoſe parts of the Radius are contained therein, but 
this being nor accurare enough for Arithmerical calculations, 
k is therefore abſolutely neceſſary that thoſe right lines/eſpe- 
cially ſuch as are commonly uſed in the calculation of Tri- 
angles) be determined to greater accuracy in numbers, to 
an aſſigned Radius and Tables thereof being accordingly 
made are called rhe Cannon of Natural Sines, Tangents and 
Secants; The Conſtrution whereof follows, 


To make the Tables of Natural 


Simes, T angents and Secants. 


Irſt aſſign the Radius to be an unit with a competent 
number of cyphers annexed therero, and thereby rhe 


Radius will be dectmally divided, viz. Mil 1000, 10000, 
100000, &e, equal parts, which kin viſion is the 


moſt commodious in all Arichmerical ns. Now to 
determineor expreſs how many ef thoſe parts are contained 
mn the Sine, Tangent, or Secanr. of an arch is the conſtrutti- 
on making of choſe Tables, which to perform divers Learn. 
ed Mathematicians have largely writ thereof, as Snellius, Pi- 
tiſcus, Briggs, Dr. Newtos and others, but the moſt facile 
and expeditious way is that publiſhed by Mr. Collins in his 
book of rhe Plain Scale (before mentioned) pag, 112. and 
tne excellent finical proportion alluding therero was (as he 
there fignifies) attained unto and communicated to him by 
| L3 Mr, 
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Mr. Dary, both able Mathemaricians of our own Countrey ; 
the ſame being alſo afterwards: publiſhed by M. Dary him- 
felf in his Miſcellanies, pag. 5. which is the following effe, 


In a rank of Arches equally differing. 

As the Sine of any Arch in that rank: Is to the ſum of 
the Sines of any two arches equally remote from ir on each 
fide : : So 1s the Sine of any other arch in the ſaid rank: 
To the ſum of rhe Sines of rhe two arches next to it on each 
fide, having the like common difference. Alfo the ſame 
holds if the progreſſion be interrupted, viz. when there are 
rwo ranks, whereof the firſt have the ſame common diffe- 
rence as the laſt, bur not retaining the like difference be- 
rween the laſt arch of the firſt rank and the firſt of the lattes 
rank. Thus if the two ranks were 10, 14, 18 d. &c. and 
35, 39, 43d. &c, here each rank hath rhe ſame common 
differcace but not in a progreſſive order, the like underſtand 


of any other two ranks of the ſame nature, this 15 premiſed | 


in order. 


To make the T ables of Natural 


Sg = 


I, | Er the proportion of the Diameter to the circum- 


ference of the circle be taken for granted to be as 
113to 355, vr in larger numbers. As 1to 314159, Kc 
(for which ſee Dr.Wallis's Algebra pag. 46.) 

2. The Chord, Sine, or Tangent of 1 min.doth inſenſibly 
difter from the lengrh of the arch ro which it belongs, and 
therefore the length of the arch of 1 min, may (without 
any crrour) be taken for the Sine thereof, A 
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3. The Radius 100000, &c. being doubled gives 20000? 
&c,. the diamerer, which done, find the circumference i8 
the ſame parts by the 1, Thus 

ASI: 3,14159, &c.  . 200000,00 &c. To 628318,53, 
&, which 1s the lengch of the circumference in like equal 

of the Radius. 

4. Itis demonſtrative, Thar ſuch proportion as the cir- 
<mference of one circle has ro another ſuch have thier Dija- 
meters, Sines, Degrees, &c. of like Arches one to another, 
and the contrary; cherefore 

s. The whole circumference being found as before to con- 
rain 628318, &c. equal parts of the Radius 100000, and if 
the Rad. be taken ro be 100000,00 then ir 15 628318,53 
&c, which done, find by the 4 aforeſaid how many of the like 
parts js contained in the arch of x min. Thus, As 21600 2 
(the min. in 350 deg. the whole circumference of a circle ) 
Isto 628318,53 (the circumf, found in equal parts of the 
Rad.) : : So 151 min. to the length of it correſponding 
arch : therefore dividing 628418,53 by 21600 the quor!- 
ent 15 29,0888, &c. or 29, for the Sine of 1 min. to the 
Radius 100000 g or the Radius being 100000,00, the Sine 


29,09 fere. 


21600) 628318,53 (29,0888, &c, 


1963 


a — 


1918 


PE EE 


19095 


177, KC. 


6 The Sine of x min. being thus obtained, the Cofine 
thereof (or Sine of 89 deg. 59 min.) may be thus had, viz, 
From the ſquare of Radius, ſubſtra& the ſquare of the Sine 
of 1 min. The ſquare root of the remainder js the Coſine 
thereof,thus the ſqu. of the Rad.(100000,)is 1 00co000000, 
and the ſquare of 29,09 (the Sine of 1 min.) is 845,2281. 

L 4 From 


Therefore 
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From the ſquare of Radius 10000000000,0000 
Subſt. the ſquare of the Sine of 1 m. 846,225] 


—_ — 


Rem.the ſqu: of the Co-S. of 1 m, 9999999153,7719 


189) 1899 The Co-ſine of 1 min, 
1701 (or the Sine of 89 
mm degrees $9 min.) is 
1589) 15899 - 99999,596 to the 
I790I Radius 100000,000, 
19989) 199891 
I79GOI 
I99989)1999053 4 
1799g90T *» 


—_— 
— 


1995889) 19915277 
17999901 


19999989) 191537619 
I7999 9gO0OT 


C— 


11537718, &c. 


By what js premiſed in the 1, 2, 2 4, 5 and 6, forego- 
Ing and the preceding operations, the manner of attaining 
the Sine and Co-fine of 1 min. 1s plain, 

And from the Sinica! proportion before-mentioned of a 
rank of arches, &c. with ſome further explication thereof, 
- che reſt of the ſites in the quadrant may be calculated, 4 
ollows, 


Having 


To make the Tables of NafuratSines. 15% 

Having obtained the Sine and co-fine «4 min, we'may - 
by what 15 already known propoſe two ranks of arches, eac 
rank to conſiſt of three arches, and ro have the like common 
difference though nor in a progreflive order but interrupted 
4 aforeſaid, which may be applyed ro the preceding propor- 
tion, Thus, 

In a Semi-circle, take the Radius for the middlemoſt of 
three arches in one rank 3 then thR two arches on each fide 
thereof muſt be, one to exceed, and the orher be leſs then 
the quadrant, each by 1 min. the ſame Sine being (already 
known and) common to both arches, and therefore (ap- 
plicable to the aforeſaid proportion) myſt be doubled, this 
rank is at the end or laſt part of the quadrant, ——And 
for the other rank make the ſine of 1 min. che middlemoſt 
of the three, and the two arches on each fide rhereof is 
2min, and © min. this rank js in the beginning of the qua- 
drant, And theſe two ranks have the ſame common diffe- 
rence, viz. 1 min. Now the fines of all thoſe arches are 
known except that for 2 min. which to find by the former 
proportion 1t follows, That As the Radius is to rhe double 
of the co-ſine of x m. : : So is the fine of 1 min. : To the 
ſine of 2 min. and o min. And from the ſame reaſon (hav- 
ing thus gor the ſine of 2 min.) retaining the two firſt terms 


| it holds. So is the fine of 2 min. To the ſum of the fines of 


3 min. and 1 min. from which ſubſtraQing the ſme of 1 min, 


| there Temains the ſine of 3 min, and then it will be, ſo is 


the fine of 3 min, to the ſum of the fines of the 4 min, 
and 2 min, Again ſo is the fine of 4 min. : To the ſum of 
the fines of 5 min. and 3 min. &c. and ſo proceed (obſerv- 
ing = like order) from the beginning of the quadrant up- 
wards, 

It alſo follows (from the former proportion) for finding 
the ſinesnear the end of the quadrant firſt and fo to run down- 
wards, that, 

As Radius is to the double of the Co-fine of 1 min. : : So 
5s the co-fine of the ſaid min. To the ſum of the co-fines cf 
2 min. and o min. The co-fine of o min. 1s the Radius, 


therefore from this fourth term found ſubſtra& rhe Rn 
the 


" 154. 
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there remains the co-ſine of 2 m. or ſine of 89 deg. 58 min, 
Then continuing—— So is the Co-fine of 2 min. To the. 
ſum of the co-fines of 3 min. and 1 min. from which ſubs 
ſtra the co-fine of 1 min. (the fine of 8g deg. 59 min.) 
rem. the co-ſfine of 3 min. _ ſige of 89 deg. «7 min.) ' 
Again, So 1s the co-fine of 3 mitn, To the (um of the 
co-fines of 4 min, and 2 min. and- ſo on by the like orderly 
procels. *% 
/ This excellent proportion produces an eaſe operation for 
che firſt rerm being Radius diviſion is avoided, and becauſe 
the ſecond term varies not (being a common FaRtor in every 
proportion) therefore having the Mulciple's thereof, by all 
the 9g digits, (10 a Table) ready at hand. The whole calcu- 
lation may then be performed by Addition and Subſtraction, 


' A Table of the Multiple's of (199999,991 55, &c.) the 
double of the co-fine of x min. (being the ſecond term and 
common FaRor) for the more eaſe and ſpeed in calculation 
and may be continued further at pleaſure, 


1 | 199999,99155, Kc. 
2 | 399999498311 

3 | 599999,97466 

4 | 799999,96622 

5 | 999999495777 

6 [1199999,94933 

7 [1399999,94088 | 

$8 [1599999,93244 ' 

9 11799999,92399 


A— 


The Operations, beginning with rhe Sine of 2 min. and 
ſo on to 3 min. 4 min. $5 min. &c. (in rhe firſt part of the 
quadrant) proceding upwards by the like proceſs, as follows. 


For 
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For the Sine of 2 Minmes. 


As 100000,00 : 199999,9915 : 2 29,0888 : 58,18 fere. 
29,0888 


I 59999993244 
159999993244 
159999993244 
1799999923990 
39999998311 


1000,Kc.) 58,17|759,754339084 (58,18 fere the ſine of 
———_ — (2 min, 


= 


For the Sine of 3 minutes, 


As 100000,00 8 199999,9908: : 58,1776 2 116,3552 fe, 
58,1776 
I1999999493 
13999999409 
I 3999999409 
* 1999999915 
I $999999324 
9999999978 


From 116,35 $1945 889433 (the ſum ofthe Sines of 
Sabſtra 29,0888 the Sine of 1 min” (3m.&1m. 


Remains | 87,2664 che Sine of 3 minutes. 
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For the Sine of 4. minutes. 


As 100000,00 : 199999,991% : : 87,2664 : 17445328 
87,2564 (fere, 


7999999662 
11999999493 
11999999493 
3999999831 
13999999409 
I 5999999324 


From 174,53(279,25 2654892 the ſum of che ſinesof 4 m 
SubſtraX $58,1776 rhe ſine of 2 min. (and 2 min, 


Remain 116,3552 the ſine of 4 minutes. 


(and 3 m. 
In like manner is found 232,7104 the ſum of the ſines of 5m, 
From which Subſtratt 87,2564 the ſine of 3 m, 


— — —_—_ _— — 


Remains 1 45,4440 the fine of 5 min, 


Alſo 250,388 1s the ſum of the fines of 6 mig, and 4 m, 
Subſt. 116,355 the ſine of 4 minutes. 


Remain 174,533 the fine of 5 minutes, &c. 


Theſe Examples may ſuilice the ſame proceſs being to be 


obſerved throughout the whole calcularion. 

And here Note, That alchough the Sines here found (be 
in effe&) equally differing in ſuch ſort that the Sine of 2 m. 
15 double,the fine of 3 m. triple the fine of 4 m. quadruple, 
&2, to the ſine of 1 min, yer in proſecuting the work th: 
kind of progrcflion will quickly ceaſe, 
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| As 100000,00 : 199999,99,15 : : 9999949957 
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To find the Natural Sines beginning at the 
end of the Znadrant with the Arch 89 d. 
«8 min, the Sine whereof is the Co-ſine of 
2 min, and dejcending ſucceſſively, ec, 
The Operations are as follows. 


9999999457 
——_ —_— a 
13999995405 
9999999575 
17999999235 
17999999235 . 
17999999235 
17999999235 . 
17999999235 of 3 
17999999235 : pw” 
17999999235 


—— 


From 199999,98|2g0,000035 55 , 
Subſtr. ro000-,00 the co-fine of o min. 


I C——— — 


Remain 99599,98,3 the co-fine of 2 m.(Fine of 89 d.s3m. 


IEo_————_— — _ _—_———— __— 


Here 199999,983 is the ſum of the co-ſines of 2 min. and 
0 min. or the ſum of the ſines of 89 deg. 58 min. and go d. 
Therefore Radius ſubſtrated 'therefrom leaves 999999,983 
the ſine of $5, degrees 58 minutes, ar the co-fine of 2 mi- 
nutes, 


For 
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For the Sine of 89 deg. 57 min.the Co- ſine of 3 min. 


AS 100000,00 ? I99999,992 © : 99999,983 : 199999,968 
99999,983 (ke, 
$999999765 

I$99999936 
1799999928 
1799999928 
1799999928 
1799999928 
1799999928 
1799999928 


I—  —« _—————___ 


From 159999,95|800,000136 the ſum of the coſines of 


Subſtr. 9c999,996 the coline of 1 min, (3m. &1m, 
Remain 99999962 the co-fine of 3 min, (Sine of 89 deg, 
{$7 min.) 
« WI | 
By th. ike method the ſine of 89 d, 56 m. is 99999,933 
Ant the fine of 89 deg. $5 min. 1s 99999,894 
And the Sine of 8g deg. $4 min. 15 999994845 


Theſe Examples with (regard to the preceding direQions) 
are ſufficient ro uluſtrare the manner and proceſs, either for 
calcularing a whole Table of Natural Sines de novo, or to 
examine one already made. 


But if this progreſs by x min. at a time be thoughe too te- 
dious or flow, the more to expedite the work ir may ſuffice 
ro find the fines by this method, to every 10 minures, and 
then ro ſupply the intermediate fines by addition or ſubſtra- 
on of their proportional parts of the differences of thoſe (0 
found. And 1n order ,hercunto it will be convenient for 
every fine found ar the beginning of rhe quadrant, (in pro- 


ceding upwards) to find the tne of irs complement. 
To 
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To the end that we may-.have three equi-different arches 
or (whichis, all one) rhe fine of an arch doubled near the 
end of the quadranr, differing from che Radius 10 min. and 
oftill retain Radius for the middlemoſt arch and firſt term, 
and alſo the co-fine of 10 m. doubled for the ſecond term 
and common FaRor, throughour the reſt of the work : And 
then having already the fine and co-fine of 5 min. it will 
run thus (agreeable ro the former proportion) to find the 
fmes and co-fines of 10m, 24 m. 3o m. &c. As Radius; ro 
the double of rhe co-fine of $s min.ſo is the fine of $5 min. To 
the ſum of the fines of 10m.and o m, And fois the co-fine 
of 5 min. to the ſum of the co-ſines of 10 m. and o m. And 
then As Radius, to the double of the co-fine of 10 min. So 1s 
the ſine of 10 m. to the ſum of the fines of 20 of. and o m, 
And fo is the co-fine of 10 m. Tothe ſum of the co-fines of 
20 m. and © m, | And now the co-fine of 10 min. doubled 
may be made the ſecond rerm (and common Fattor) for 
finding all the reſt of. the fines to every 10 m. throughout 
the quadrant.thus, As Radius;To double the co-fine of 10 m. 
ſo 1s the fine of 20 m. : To the ſum of the (ines of 30 m.and 
10m. And fois the co-fine of 20 m.. to the ſum vf the co- 
fines of 30 m. and 10m. And continaing,(o is the fine of 30 m. 
to the ſum of the Sines of 20 m. and 40 min. And fo 15 the 
co-Sine of 30 m. ro the ſum of the co-Sines of 20 m. and 40 m, 
and ſo proceed ill che work is finiſhed. Twoor Three ex- 
amples will make it plain, 


For the Sine of 10 m. | 


As 100000300 2? 1999994788 : : 145,444 : 290,89 fert- 
145,444 
1999999152 
7999991592 
799999192 
999998940 
799999192 
199999788 


& (10 min. 
10000,00) 250,83|759,15 587 2 ( 290,8877 fere,the yy 
or 
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For the Co-ſne of 10 min. Sine of 8g deg, 50 min, | 


As 100000,00 : 199999,788 : : 99999,894 : + 
Facit 199999 5772, &c. the ſum of the co-ſing 
(of 10 m. & © mig, 
From which ſub. 1 00000,0000 the Rad.or co-fine of o min, 


_— 


Remains 99999,5772 the fine 29 d. go m. or co-fine 
(of 10min, 
Which doubl.is 195959,1544 for a common Factor, 


A Table of rhe Multiples, of 199959,1 $44 which (being 
made a common, faQor to find all the reſt of the fines byto 
every 10 min.)will be of the like uſe as the former, in facil 
tating the work. 


1 | 199999,1544 
2 | 399998, 3086 
3 | 5999974403 
4 | 799996,6176| 
5 | 999995,7720 
6 [1199994,9204 
7 
$ 
9 


1 399994,0508 
15999932352 
179999243596 


f 
For the Sine of 20 Minutes, 


AsS.19:000,09 2 I09999,1544 * 3 250,8877 ? 
facit 581,977 294, Kc. the finc of 20 minutes, 0f 

C 531,773 fert 

FA 
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For the Co-ſine of 20 m. (the ſine of 89 d. 40 m.) 


As 100000,00 : 19999941 544 : 3 9999945772 : 
Facit 199998,3088, &c, the ſumof Cofines of 20 and om, 


From which ſubſt. 100000, &c. the Coſine of o min. 


—_. 


Rem. 99998,3088, or 99998,31 fere, the fine of 
(89 d.go m, 


| For the Sine of 30 mn. , 


As 100000,00 : 199999,154 : : $81,773 ; 


Facit 1163,5411,8c.ſum of the Sines of x10 m.30 m. 
From which ſub.290,88779 the Sine of 10 min. 


CCS 


Rem. 872,6534 the Sine of 3o min. 
Tor the Co-ſine of 30 min. Sine of 8g deg. 30 min. 


As 100000,90 3: 199999,154 & : 99998,308 : 


Facit 1999995,7719 the ſum of the Co-fines of 
(10 m. and 3o min, 
From which ſubſt. 99998,5772 the Co-fine of x0 min. 


Remain. $£9996,1947 the Sine of 89 deg. 30 m. 


Alſo the Sine 40 m. is 116,526 5, 
And the Co-ſine 99993,235 fere. 


After the ſame manner proceed to find the Sines of zo m. 
52m, 1 deg. x deg, 10 m. and ſoon ſucceſſively throughour 
te quadrant, 


M Or, 


162 The Conſtruction of the Tables, © 


Or, Having made the Sines and Co-fines to every tom, 
as faras $ deg. (which are alſo the co-fines and fines reſpeg. 
gively to every 10 m. from 85d. to god.) find the fine and 
co-fine of 10 d. and then proceed by 10 deg. at a time and 
find, the Sines of 20d. 3o deg. and fo on to 70 d, by the 
former proportions, which done then by the help of thoſe 
fines already known, (viz. the firſt and laſt 5 deg. to every 
10m. and alſorhe fines of all the incluſive arches to every 
10 deg.) The ſine of any other arch whatſoever may be 
readily calculated, provide it fall on an even number of 10 
min. without having reſpe& to the ſucceflive order afore- 
ſaid, for thenno arch in the quadrant can be propoſed but 
it will be wthin: $ deg. or leſs of ſome known fine, and by 
conſequence the tine and co-fine of the arch of difference be- 
tween the arch of a known fine and any arch propoſed, 
will be alſo known. Therefore the arch of a known fine be- 
ing made the middlemoſt of 3 equi-difterent arches, the 
fines of any one or). two arches 5 deg. or leſs equally re- 
mote there'rom on each fide may from thence be found by 
the two following proportzons, wit. 


1. As the Radius : Is to the co-ſine of the arch of diffe- 
rence : : So 1s the (ine of the mean or middle arch : To 
the half ſum of the Sincs of the extream arches. Again 


2. As the Radiys : Is to the Sine of the arch of difference: 
So is the co-fine of the middle arch : To the half difference 
of the ſines of the ſaid extream arches, F 

The half difference of thoſe fines added to their half 
ſum, gives the ſine of the greater; and ſubſtracted leaves the 
fine of the leſſer of thoſe extream Arches. Or, the whole 
difference added to the fine of the leſſer makes the greater; | 
or ſubſtrated from the fine of the greater, makes the leſſer 
of the fines of the extream arches. 

Or, The ſubſtance of theſe two proportions may (for a g& 
neral Rule) be thus expreſt as a conſeRary therefrom. 

Mulriply the fine of the mean arch, and the co-ſine of the 


SEX. 


arch of difference together, alſo multiply rhe co-ſine of the 


middle arch_ and the fine of the arch of difference rogerhet | 


BO SEE  ORODOFTrEASPSE 
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Iſhe ſum of thoſe rwo produRs divided by the Radius, gives 
teſime of the greater, and the difference of thoſe two pro- 


' & divided by the Radius gives the fine of the lefler of the 


gmream arches. 
Firſt Example. 

The fine of 45 deg. being found to be 150910,678, To find 
he fines of 44 deg. 40 min. and 45 deg. 20 min. here 20 
gin, is the common difference whoſe fine is $81,773 and 
w-fine 99998,308, | 

1, By the former of the two laſt proportions, To find the 
talf ſum of the fines of the extream arches 44 deg. 40 min. 
ad 45 deg. 20 min. 

As 100000,000 : 99998,308 : : 709510,678 2 


nſw. 101709,481 the half ſum of the fines of the extream 
ches, 


2. By the latter ofthe two proportions aforeſaid, Tofind 
the half difference of the fines of rhe extream arches. 


As 100000,000 : $831,773 * 7 90910,678 : 


Anſw. 411,375 the half difference of the fines of the ex- 
team arches. 


The : ſum is——70909,4817 of the fines of 4g deg.20 min- 


The; differ. is — 411,375 S and 44d. 40 m. 


Sum is 71190,8 56 the fine of 45 deg. 20 m. 
Remain is 50298,106 the ſine of 44 40 


M 2 Second 
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Second Example. 


The fine of 6o deg. is 85502,$39 and the co-fine theredf 
(the ſine of 30 deg.) is $0000.000. To find the fines of g 
d. o m.and of 60 d. 10 m. here 10 m.1s the common dife. 
rence whoſe ſine before found 1s 290,887 and co-fines 


999994977» 


1. For the half ſum of the fines of 59 deg. $0 min, and 
60 deg. 10 min. * | 

AS 100000,000 3 99999,5797 « ; 86602,539 : 

Anſw.85602,17279 the half ſum of the fines of the extrean 
arches. 


2. For the half difference of thoſe ſines. | 
AS 100000,000 : 290,887 : : $0000,000 : I45,443 


(rhe half difter, | 


Anſw. the half ſum is 85502,1727 of the fines of 50 deg 
The half difference is 145,4435 F 10 mand 59d. om 


The ſum 1s 85747,6162 the fine of 60d. 10M, 
The Remainder is 86456,7292 the fine of 59 d. 5om. | 
| 
Alſo putting 30 deg. for the middle arch. 

The fine of 29d. 50 m. 1s 49747,87 3. 

Andrthe fine of 30d. 10 m. 15'$50251,704, 


Aſter the ſame manner may the reſt of the fines for ever 
10 min, be found on each fide of 30d. to 25d. and to z56., 
And then putting 20d. for the middle arch, proceed there 
with and find the fines on each fide thereof, for every 100 
to 25d, and 15d. and ſoon for 10 d. god, &c. | 


Furthermore from a due conſideration of theſe two lal 
p-oportions, for findin2 the half ſum and half dittcrenced 
the fines of the rwo «xtream arches it is evident that this fur- 


ther improvement may be made which will not a tlecor 
uce 


ST ER232SCRS SES > X 


Sy 
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duce to the facilitating the calculation of the third part of 
the quadrant, as follows, 

And firſt it is to be noted, That the chord of 60 deg. is, 
always equal ro the Radius, per the 1 5th. of the 4th. of Euclid. 
And conſequently the fine of 3o deg. being half the chord of 
6o deg. is equal to half the Radius, viz. 50000,00, &c. 

In the latter of the two proportions aforeſaid, let it be 
required to. produce the 4th. term to be the whole differ. of 
the ſines of the extream arches, then muſt either one of the 
middle rerms be doubled, or (which is more convenient) 
make half the Radius the firſt term, being equal to the ſine 
of 30 deg. (as aforeſaid ) the co-ſine of 60 d. 

Therefore if 60 deg. be made the middle arch, by reafon 
ofthe proportion of equality berween the ewo firſt rerms (i. e, 
half the Radius and the —_—_ deg.) it conſequently 
follows that the fine of the arch" of diſtance of each of the 


| extream arches from 60 deg. is equal co the difference of the 


fmes of thoſe extream arches. Therefore the fine of one 
bring known the fine of the other is had by Addition or 
vbſtraRion. 


For inſtance, Let the three arches be $9 d. 50 m. Go d. 
and 60 d. 10 m. Then the fine of 10 m. (the arch of diſt- 
ance) is equal to the differetice between the fines of 59 d. 
50 m. and 60d, 10. Mm, 


Therefore unto 854 56,7292 the fine of 53 d. go m. 
Add 290,8877 the {inc of 10m, 


The ſum is $6747,6169 the fine of 60 d. 10 m. 


Alſo (from the ſame reaſon) the fine of 2o m. is equal to 
the difference between the fines 59 d. 40 and 50d. 20 m. So 
that the fine of 20 m. added to the fine of $9 d.qo m. makes 
the ſine of 60 d. 20 m. ' Likewiſe the fine of 1 d. is equal to 
the difference of the fines 559- d. and 61d. $d. 1s equal to 
the difference of 55 d. and 65 d. 10d. is £qualto the difte- 
rence of 50 and 50 d, and ſo on, always retaining 60 as the 


middle arch, 


M 2 ' Hence 
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Hence it is evident, That having calculated all the 
under 60 d. (by the rules already delivered) the reſt of the 
fines above it ro go deg, (which 1s one third part of the qu, 
drant) may hereby be obrained by Addition only, 

Or, if the ſines and co- fines of the firſt 20 d. be calculaed 
(which gives the co-figes and fines alſo of the laſt 30 «y) 
of the quadrant. Then all the incluſive fines berween 30 
and 60 d. may be made by Subtration. Thus (reraining 6&6 
for the middle arch) rhe fine of 10 m. according to the pre. 
ceding anology is e qual to the difference of 60 d. 10 m. and 


—_ 


Remain 85455.7292 the ſine of 59 d. go m. 


In like manner the Sine of 20 min. (equal to the dife 
rence berween the {ines 59 deg. 4o m. and 6o deg, 20 min.) 
being dedutted from the fine of 60 d. 20 m. leaves the fine 
of 59 d. 4o m. alſo the fine of 2 d. ſubſtrated from rhe fie 
of 562 d.leaves rhe {ine of 58 d. rhe fine of 20 d. ſubſtrated 
from the fine of Ro d. leaves the fine of 40 deg. The like 
underſtand of the reſt ri]l all che fines berween 3o d. and 
deg. be ſupplyed. 


Likewiſe, Let it be required to produce the fourth term 
(15 che firſt of the two proportions laſt mentioned) tote 
the fum of the fines of the extream arches, which may i 
ettected if either of the middle terms be doubled, butt 
thi e make half che Radivs, rhe firſt rerm 3 and purring 30d 
for the middle arch, Then by reaſon of the proporriend 
equality berween half rhe radius and the fine thereof jc ul 
from thence follow, thar the Co-fine of rhe arch of diſtance 
of cither of the excreams from 3o deg. ſhall be equal cothe 
fam of the Sines of thole extrearn arches, and by confequene 
the Sine of erther of them being known, the Sine of the orht! 
15 eaſily obtained by Subſtraftion only, | 


f 


| 
$9 d. 5om. Theretore | 
| 

From 85747,5159 the fine of 60d. 10 m. 
Subſtrat 290,8897 the ſine of 10 m. 


F 
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For Example. 


Let the three arches be 25 d. 5o m, 3od, and 30d. 10 m. 
here the Sine of 89 deg. 5o m:the Co-fine of 10 min. the di- 
ſtance of each arch from zo deg. is equal to the ſum of the 
Fines of 29 d. go m. and 30d. 10 m. from which ſum the 
fine of either being deduRed leaves the Sine of the other, 

vt, 
| (50m. and 30d, 10 m. 


| From the Co-S.of 10 m. 99999,5717 the ſum of fines of 29 d. 


Subſtra&t $0251,744 the fine of 30d. 10m, 
Remain 497494873 the ſine of 29d. 50 m. 


And from the like reaſon the fine of 3g d. 40 m. is equal 
to the ſum of the Sines of 29g d. 40 m. and 3o d. 20 m, the 
fine 8o deg. to the ſur of the Sines of 20 d. and 40d. the 
Sine of 50 d. ro the ſum of the Sines of 10 d. and 50 d. and 
ſoon reraining 3o d. always for the middle arch. 

From hence it is manifeſt that if che fines of the firſt and 
laſt 30 deg. of the quadrant be known, from them may all 
the Sines included berween 3o deg. and 60 deg. be made by 
ſubſtra&ion alone : for no two arches can be propoſed on 
each ſide of 30 deg. equi-diſtant therefrom, bur the ſum of 


| their fines is alwayes given, by the co-fine of their diſtance 


aforeſaid. So that the Sine of the arch below 30 d. being 
always known and ſubſtrated from the ſaid ſum, leave the 
Sine of the arch required as much above 3o d. Orif the 
Sines of the laſt 60 d. of the quadrant, be ready calculated 
trom them, (by the ſame: reafon) all the Sines of the firſt 
30d. may be found by ſubſtration. For any two arches be» 
Ing propoſed on each {ide of 30d. e£qui-diſtant therefrom, rhe 
ſum of their fines in ſtill known by the method aforelatd. 
And 1n this caſe the fine of the extream arch above 30 d. is al» 
ways known, and muſt be ſubſtra&ed from their ſum, the 
remainder will be the ſine of the other arch required as much 


below 30 d, 
M 4 Thus 
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Thus far concerning the Conſtrufion of the Tables of Ny- 
rural Sines, to wit, Right Sines and not the Verſed Sines, 
for the verſed Sines, as alſo the Chords aac ſeldom uſed in 
the reſolution of Triangles, and therefore Tables thereof are 
needleſs and more eſpecially in regard they both may be cafily 
obtained by the right Sines, as follows ; 


Firſt, Obſerve that the verſed Sine of an arch leG then 
quadrant with the right Sine complement of the ſame acch, 
are together equal to the Radius ; | 

Asin Fig. 22. The verſed Sine nc with the right Sine of 
Ts complemenr en (equal TO) is equal to the Radius ec, 
and therefore the right fine complement of any atch or anglc 
ſudſtrated from Radius leaves the verſed fine of that arch. 


Secondly, The verſed fine of an arch greater then a qua» 
drant: 1s equal tothe right fine of the exceſs of the ſame 
arch above a quadrant added to Radius. 

Asin Fig. 22. The verfed Sine a n is equal to the Radi- 
us ac added to en the right ſine of the exceſs (equal 
TO.) and conſequently the right Sine of the exceſs of any 
arch or angle above a quadrant, added to Radius gives the 
verſed Sijae of that arch. Likewiſe the chords are thus had 
by the right Sines, the Sine of ah arch is (as already defined) 
halfthe chord of the arch doubled, and therefore the right 
{ine of any arch or angle doubled gives the chord of the dou- 
ble arch. 

' As for inſtance, the Sine of 10 min. doubled makesthe . 
chord of 20 min. the Sine of $ deg. doubled makes the chord 
of 10 d, the Sine of 20 d. the chord of yo d. &c. 


Note, That in making the Tables of rhe Natural Sines to 
great accuracy. The calculation ought always to beconrinu- 
edto 2, v, '6. or more places then the aſſigned Radtus of 
the Tables consifts of ro the'end that the fraftional part of 
every diviſion or extration may be ſafely negleted without 
breeding any errout inthe following operations. 


By 
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'By the T ables of Natural Sines 
to make the T ables of Natural 


T angents and Secants. 
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Hines the Sines, the Tangents and Secants, may from 
them be calculared by the following proportions, viz. 


For the Tangent it holds, 


| Astheco-ſine of any arch or angle : Ts to the Sine thereof : 
$0 is Radius : To the Tangent of thar arch, 


For the Secant ſay : 
As the co fine of an arch or angle : [s to Radius : : Sos 


| Radius : To the Secant of the ſame arch. 


Firſt Example, Let it be required to find the Tangent and 
Secanr of the arch of 3o deg. the Sine of 30 deg. 15 $0000,000 
md the co-fine thereof (or the Sine of 50 deg.) is 85502,539, 
Thetefore, To find the Tangenr of 3o d. the proportion is, 


Co-fine 3o d. Sine 30 d, Radius 


_ 86602,539 : g$0000,000 2 2: I00000,000 


To $7735,028 the Tangent of zo deg, required. 


And ro find the Secant of zo d. the proportion 15, 


. Co-fine 30d. Radins. Radius, 
* 85602539 * 100000,000 : 2! .100000,000 


Anſw, 11 $470,006 the Secant of 30d. required. 
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Second Example, Let it be required to figd the Tangent and 
Secant of 60 deg. 


Firſt, For the Tangenr. 


PE: Co-fine 60d, Sine 60d. Radius. 
$0000,000 86602,539  : 7. I00000,000 


Arſw. 173205,078 the Tangent of 60d. required, | 


Secondly, For the Secanr of 60 d. 
Co-fine Radius Radius 


As $0000,000 100000,000 :, : T00000,000 : 
Anſw. 200000,000 the Secant of 60d. required, 
The like method obſerve for any other. 


Several more proportions might have been added conduc- 
ing n the calculation of the Tables aforeſaid, bur theſe alone 
are ſufficient for performing the whole Cannon. And tuch 
whoſe genius and curioſity prompts them ro a further inquiry 
into rheſe matters, may have recourſe to larger volumes, 
which have been heretofore mentioned as well for the uſe of 
thoſe Numbers in Trigonometry; as alſo for other ways of 
their conſtruction, and now ir remains to ſpeak ſomething of 
Logarichms. 


N this place- (before we infiſt upon the ConſtruRion of 

the Tables of Logarithms) ir may nor be amiſs (though 

a digreffion) ro give a ſhort definition and explication of 

Progreſſion, ſo far as is pertinent to our preſent purpoſe as be- 
ing introductory to the ſubje& of Logarithms. 


7. Progreſſion ( here intended) is twofold, i. &- Arith- 
- metical and Geometrical. 


2+ Arith- 


=. ow 
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. 2. Arithmerical Progrſlion or Proportion is cither con” 
naed or interrupred, 

3. Arithmerical Progrffion continued, or continual pro- 
portion Arithmerical ; 1swhen a rank of Numbers do conti- 
nually either increaſe c decreaſe by equal differences, as 
theſe ranks or ſuch like, . 


I, 3» $> 7» 9g, 11, 13, 15, &c. Increafing. 
16, 14, 12, 10, 8,'6, 4, 2, &c. Decreafing. 


In rhe firſt rank thae is a conrinval increaſe, and in the 
Second a continual detreaſe by 2, which 1s called- the com- 
mon difference or excels, ; 

4- Arithmetical ?cogreſſion interrupred or diſcontinued Is 
when four Number: are propoſed havzng the ſame difference 
berween the 1ſt. and 2d. as berween the 3d. and qth., turnor 
retaining the like ditcrence berween the 2d. and 3d. as theſe 
2, 4, 8, 10. here2 ind ;, being compared with 8 and 10 
do difter by the like ekceſs to wit 2, bur ſodoth nor 4 and 8, 
= like underftand of 5, 9, 17, 21, or any other of che hke 
ore. 

And this kind may nor unfirly (for diſtin&ion ſake) be 
called Arichmeeical proportion, and che other kind (being 
2 continued ſeries of Numbers equally diftcring) Arichmett- 
cal Progreſſion. ; 

s. In Progreſſional Numbers whether Arithmerical or 
Geomerrical. The firſt and the laſt rerms are commonly 
called the exrreams, and the miedle rerms are called means. 

6. Any Three Numbers be ing propoſed in Arithmerical 


proportion or progreſſion, the double of che mean is equal 


to the (um of the extreams. 

As if the three Numbers be 5, 9, and 12. here the double 
of 9 (the [mean or middle rerm) is equal to the ſum of 6 
and 12 (rhe extreams.) Therefore, 

If from the double of rhe mean, either of the extreams be 
ſubſtraſted, there will remain the other. 

7. Any four Numbers being propoſed in Arithmerical pro- 
portion or progreſſion, the ſum of the rwo means is equal to 
the ſum of rhe rwo extreams. Thus 


”. 
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Thus 6, 9, 12 and 15 heing- gen, the ſum of 9 and 
12 (the two means) is equal to thdum of 5 and 1; (the two 
excreams) the like underſtand of 3, 17, 21, an4 25, or 
any orhers of this kind, Therefor, If from the ſum of the 
rio means either extream be ſubſrated rhe remainder js 
the other. 

8. Geometrical Progreſſion or Proportion, is either conti- 
nued or interrupred, 

9. Geometrical Progreſlion contmued or continual pro- 
porrion Geometrical, js when a ranl of Numbers, do conti- 
nually either increaſe or decreaſe by the like proportion ; 
that js according to one common multiglyer called the com- 
mon ratis, as 1n theſe or ſuch like, ux+ | 


Ts 2 4&4, | 8, 16, , 32, &. increating, 


12, 24, 48, 96, &c. Increaſing. 


© RE 


"2 I 


128, 64, 32, 4, &c. Decrealing. 
4, 

In rhe eo if@han!:s 2 15 the comman mulriplier, and in 
thelaft, 2 is a common diviſor or (which is the ſame) - is 
the common mulriplicr. 

10. Ina rank of Numbers continually increafing from 7, 
by Geometrical Progreſſion. The firſt ren after 1,is calledthe 
root tide,or firft power; the ſecond 1s called rhe ſquare or ſe- 
cond power ; the chird the Cube or third power ; the fourth 
che fourth power ; and ſo on by the denomination of po- 
wers, 2s the gth. 6th. jth. power, &c, 

As ig the firſt col'umn of the following Table where the 
root or firſt power 1s 2, and in the (econd collum the root 
Is 3- | Mi 

11. Thefe powers are produced by a continual mulriplica- 
tion of the root (which i- the common multiplier.) Thus, 
rhe roor ſquared, prodaces tl;e ſquare or ſecond power and 
that mul*:v11-d again hy the ro9c produces the Cube or third 
poxer, and tat again by me 2457 produces the fourth po- 
wer: and ſoon cach pow:: being :::..riplied by the root 
produces ite poiver next above it, Aud the numbers com- 


pre | 


O— 


——_—— 4 I on, 


Ind Geometrical. 
prehended between 1 and the þ ——_—_— cc 


power laſt produced are called | pow. { pow. | exp. 
Geometricalmean proportionals, —_ ew 
and excluding the firſt term 1, I | I O 
and the roor, all the reſt are 2 4 j 
called a Series, as being form'd 4 9 2 
from a continual mulciphcation 8 27 3 
of che root as aforeſaid. 16 81 4 
12. As the ſeveral powers of 32 243 5 
the roers 2 and 3 1n the forepo- 64 729 | 6 
ing Table are form'd by conti- 128| 2187 7 
nual multiplication , after the 256 | 6561] 8 | 
hke manner may the powers of 512 | 19685 9 
any other numbers be form'd, 1024 | 59049 | 10 
being taken as a root, as 5, 2<, | &c, | &c. &c, | 
125, 625, RC. of 6, 26, 216, — — 
1296, &Cc. 


13. To theſe powers it js uſual to aſſign a rank of num- 
bers in Arithmerical progreſſion from unity, 1 being both 


the firſt rerm and common exceſs, and theſe are called rheir ** 


exponents or indices, as ſhewing the diſtance on ſear of each 
power from unity. As in the third collumn of the preceding 
Tableto 1 is afſigned ©, to the root 1, to the ſecond power 
2, to the 3d. power 3, &c. 

14. The Addition and SubſtraRion of theſe exponents an- 
ſwers to the multiplication and diviſion of thoſe powers 
themſelves, ro which the exponents reſpeQively belong, 
that 1s, 

15. The ſum of the exponents of any two powers is «qual 
to the exponent of that power, which will be produced by 
the multiplication of the ſaid powers. Thus 1n the foregoi 
Table, the ſum of 2 (the exponent of the ſeccrd power 
and 3 (the expo. of the 2d power) is 5, which fscv's, thar 
ifthe 2d and 3d power be multiplied rogether they will pro- 
_ the 5th power. The like underſtand of any of the 
reſt. 

16. Alſo the difference of the exponents of any ewo po- 
wers, 1s equal to the exponent of the quotient when the 
greater of thoſe powers is divided by the lefier, which quori- 

\ cnr 
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ent will be an inferiour power leſs then the greater of the two 
former. Thus the difference berween8 and 3 is 5, which 
implyes thar if rhe 8th power be divided by the 3d the quo- 
tienr 15 the gch power the ſame is to be underſtood of any of 
the reſt. | 

17. Geometrical progreſsjon interrupted or diſcontinued 
is when four numbers are propoſed, having the like reaſon 
or proportion between the firſt and ſecond, as berween the 
3d and 4rh rerms, bur not retaining the like reaſon between 
the ſecond and third, as in theſe 3, 6, 8 and 16, here 8 
hath che ſame reaſon to 15, as 2 hath co 6, (2 being the 
common multiplier in each) bnt 6 and 8, the rwo means) 
have nor the like reaion or proportion berween them, the 
ſame underſtood 7, 21, 12 and 35, and of all other num- 
bers under the ſame qualification. 

13. And this kind of Geometrical progreſsion may be ra- 
ther called Geometrical proportion, and the other kind 
(which is a ſeries of humber continually increafing or decrea- 
ſing by the like rate or reafon) raay more properly be rerm- 
ed Geometrical progreſiion. Nor bur that each are propor- 
tional numbers, but one being in a conrinued progreſſive 
order and the other nor. 

19. Any three numbers being propoſed in Geometrical 
progrethion or proportion, the ſquare of the mean 1s equal 
to the produ@ of the extreams. Thus 1f three numbers be 9g, 
12 and 16, the ſquare of 12(the mean) 144, is equal ro the 
produR of 15 and 9 (the extreams) the ſame properries 
have 6, 12 and 24, &e, Therefore if the ſquare of the mean 
be divided by either of the extreams, the quotient is the 
other. 

20. Any four number bcing propounded in Geometrical 
proportion or progreſſion, the produ& of the rwo means 1s 
equal to the produtt of the extreams. Thus 6, 9, 10 and 
15 being given the produtt of 9 and 10 (the rwo means) 1s 
go, and fo is the produ of 6 and 15. the ſame underſtand 
of 2, 9. 27 and 8r, &c. Therefore if the produ& of rhe 
ewo means be divided by either of the extreams the quotient 
15 the other. — 

2x. And from hence arifcth that excellent Rule in Artch- 
mecick 
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metick called the Golden Rule or Rule of Three, in all the 
rations whereof three proportional numbers are known, 
and thereby a fonrth unknow 15 found our. A 
23- The numbers of Mulriplication and Diviſion are pro- 
jonals. Thus in Multiplication it holds As 1, 1s toone 
of the FaRors. So 1s the other : ro rhe produt, 

And in Diviſion it holds. As the Diviſor is to 1, fo is the 
dividend to the quorienr, Or as the Diviſor 1s to the Divi- 
dend, So is 1 co che quorient. 

24. Four proportional numbers are uſually diſtinguiſhed 
with points thus : 6:9 :: 10 7 15, bc. 


x —_— wy — 


— 
—— ” 


Py — 


2s. Furthermore, As in the 14, 1s, and 15 foregoing 
Addicion of the exponents anſwers ro the mulriplicarion of 
their powers, and SubſtraQtion to Diviſion, The ſame holds 
ifro any other rank of numbers in Geometrical progreſſion, 
be aſſigned any rank of numbers in Arithmetical progreſſion, 
th, the Addition and SubſtraRion of the latter anſwers ro 
Multiplication and Diviſion of the former, from which noti- 
onthe Logarichms rakes their riſe 3 which was the cauſe of 
prefixing this diſcourſe of progreſſion by way of nn ro 
the Logarirhms z being ſo much thereof as ſeems ary, 
for their berrer illuſtration, And as to ſuch Arithmerical 
queſtions as uſually belong to Arithmerical and Geometri- 
cl progreſſion, they are on purpoſe here omitted, as bei 
leſs material ro the Subje& of Logarichms, and becauſe of 
deſigned brevity. TI ſhall refer for ſuch cheifly to Dr. #alls's 
Opus Arithmeticym; or for want thereof to Moores Arithmetich, 
Wingates Arithmetich by Kerſoy, and divers others ; So wi 
thus much conclude both kinds of Progreſſion. 
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, Of LOGARIT HMS. 


— | 


Fiſt, Of the Riſe and Nature of 
 Logarithms. 


S the firſt Famous Inventer of the Logarithms the Ho- 
nourable Lord Neper of Scotland, rogether with the 
Learned and Laborious Mr. Henry BYigs, who afterwards (by 
the jpint conſent of the Author) reduced them into a berter 
form and compleated them. I fay as to theſe Worthies 
though much 1s due yer little need be laid of their praiſe, 
which has long ſince (to the great credit of them and their 
Nations) been ſpread through all or moſt parts of Europr, 
and many other parts of the World «here Science 1s promo- 
red: Their labours will continue their fame to poſterity, 
norrtan their Names and memory ever dye, as long as thoſe | 
their-monuments the Logarithms remains in being: Nor need 
T here inſiſt upon the uſefulneſs of thoſe numbers which is 
ſo general in all the parts of the Mathemarticks, and eſpeci- 
ally in regard ſo many Treariſes have already been publiſhed 
in our own Language, and therein their uſes very largely 
exemplified. What is here intended concerning Logarithms 
is ſomething of their Original and Nature, bur cheifly their | 
Conſtru&ion or making. 


Sts | 
4 
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- Of Logarithms. 
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Scondly , Of the Original and 
Nature of Logarithms. 


| Defini- Ogarichms are borrowed Numbers in Arithtnes 
| tix, tical Progreſſion, ficred or aſſigned to a rank of 


Numbers 1n Geometrical progreſſion. Therefore, any rank 
of Numbers being given in Geometrical progreſhon to them 
may be annexed for Logarirhms, any rank of Numbers in 
arithmerical progreſſion at pleaſure. 


' As in this Table, in the firſt | — 
column thereof, is a rank of |\aum. Log. Log. 
mmbers jn Geometrical pro- OI” 
greſſion from 1. Now to thoſe or | 
to any other rank of proporti- T1 © © 
onals may be adjoined for Loga- 2| 1 2 
nthms either of thoſe ranks in 6 
the 2d. and 2 d.col. or any other +] © 
rok of equi-different numbers, 8 3 9 1. 
hut thoſe are moſt commodious 16 12 
for uſe which have © aſſigned for | - _- 
the Logarichms of Unity, $33.19 2 
© ' DN 641 6 | 1 
Theſe Logarichms or Artificial Q 
mmyers being thus contrived I'2 7 1.21 
ad aflgned ro proportional 2 56 g 24 
fumbers and reſpeQtively ſubſtt- 12 27 , 
ured ' inſtead thereof 3 thoſe ) 9 
coniclufions which in the propor- &e. |8&c., | &c. 


tonal numbers are wrought by 
Multiplication and Diviſion, may be performed by rhe Ad- 


| 


dition and Subſtraftion of: their correſpondent Logarithms 5 


ad the exrraftion of roors in the proportionals may be ef- 
N. P fected 


178 Df Logarithms. 
feted by Diviſion and the produRtion of powers by Multi. 
plication of their correſpodent Logarithms 3 for from the 
aforeſaid Definition. and explication of Logarithms theſe 
conſequences follow. 

x. Of four numbers in Geometrical proportion, The Lo- 
garithm of the firſt, being ſubſtrated from the ſum of the 
Logaryhms of the 2d. and 3d. the remainder is the Loga- 
rithm of the fourth. 

This 1s clear from the 7th. preceding of progreſſion Arith- 
metical. 

Example. 
Let there be given three proportional numbers as 4, 16 


and.e2. To find the fourth, 


The Proportion #, 


AS 4 Log. 2 
To 16 Get 
So 15s 32 5 
9 
To 128 wy | 


Here the ſum of 4 and $ (the Logarithms of the 2d. and 
3d.) is 9 from which abating 2 (the Logarichm of the 1ſt.) 
there remains 7 the Log. of (128)the qrth, number which 
was required, 

2, In Multiplication the ſum of the Logarithms of the 
FaQtors is equal to the Logarithms of the produt. This is 
evident from the 23d. foregoing of Geometrical progreſſion, 


Example. 
_ the FaRors be 32 and 8, to be multiplied toge- 
TI. ; | 


7b! 


I IO 


* {| Here becauſe the Logarithm of x (the 1ſt, muryher) 15,0, 
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The Proportion 1s, 


As 1 Log. 0 
To 8 3 
SO1s 32 5 
To 256 7.8 


* 


| terefore 8 the ſum of 3 and 5 (the Logarithms 
and 3d.) 1s the.Logarithm of 256 the produR, 


e 2d, 


3. In Diviſion. The Difference of the Logarithms of the 
dividend and _ diviſor is . equal ro the Logarithm,.of the 
quotient : 

This is alſo manifeſt from the 23d. of Gegmetrical pro» 


| greſſion aforeſaid. m—— 

Example. | 

| Let 256 be derided by 8. Duo 

| The Proportion 1s, x ail af 

| As'8 Log- . iron Bl, 4) 
To 1 T-4nÞ.s 
0 8.2.56 3 ai vd Broth 
To_32 S.) 


Here becauſe the Logarithm of 1 (the 2d. riumberFis o, 
therefore 3 (rhe Logarithm of the 1ſt. or diviſor) ſubſtratt- 
ed from 8 (the Logarithm of-rhe. 3d. or dividend} leavess, 
| the Log. of 32 the quotient, 


' 4- In the produRion of powers of numbers. 'The Loga- 
nchm of the root multiplied by 'rhe exponent of the pover 
gves the Log. of the ſame power. i rad 


This is obvious from the t 4th. and 15th, of Geometrical 
Progreflion. ono: 
X N 2 Exam- 


1% Df Logarithms. 
N © Example, 


Let 4 be the root given, to find the Square, Cube 4th, 
wer, &c. thereof. 
If 4 be pur for the root then its Exponentis 1, and conſe- | 


quently the 2, 3, 4+ &c. are the exponents of the other 
powers thereof in their reſpetive order. Therefore 


| 

In the iſt, column of the preceding Table of Logarithms, | 

The Log. of 4is 2 | 
| 
| 


Which mult, by 2 the exp. of the Squ. or 2d. power. n 
: produces £4 7” 4 the Log. of 16 the (qu. or 2d. power, 
Again 3 the Log; of the root. | p 
Mult. by 23 the exp. of the Cubeor 3d. power. FP 
produces 6 the Log. of 64 the Cube, or 3d. power of 4. | « 
The like may be performed for any other power of. 4, or | - 


for the powers of any other number. 


| 

s. Inthe Extraction of Roots. The Log. of the power. | 
divided by its exponent quotes the Logarichm of the root | 
reſpeQively. 
This is Converſe of the former, and obvious from the 16th. | 
of prggrefſion Geometrical, * | 
[ 


E xample. 


Let 64 be given to find the ſquare or Cube root thereof. | 
Here 6 (the Log: of 64) divided by 2 (the exp. of che'2d. | 
power) quotes 3the Log. of 8, and therefore 8 is the {qu- | 
root of 64. Allo 6 divided by 3 (the expon. of the 3d. po 
wer) quotes 2 the Log. of 4. Therefore 4 is the Cube-root | 
of 64: the like method oblerye, for finding the roots ol any | 


"= © hk. 
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other power, or numbers commenſurable by their roots, and 

thoſe c—— concluſions or operations which are per- 

| formed by the Logarithmical numbers in the 2d; column of 

» | the preceding Table, may alſo be'performed by thoſe in the 
* * 2d. column, or by any other rank of numbers in Arithmeti- 
cal progreſſion, | 

And as thoſe numbers either in the 2d. or 3d. column of 

the Table aforeſaid, may be aſſigned for Logarithms to the 

| rank of proportionals in the firſt column. In the like man- 
ner, may thoſe (or any other of the like ſorr) .be aſſigned 
for Log. to any other rank of proportionals whatſoever. 

Note alſo, That though the preceding operations in diviſi- 
| on and extraCtion of Roors are performed only in ſuch num- 
| bers as are commenſurable by their diviſors and roots. Yer 
| the ſame holds and may be effeted in Numbers that are in- 
/ commenſurable by the help of a large Table of Logarithms, 

viz. Such as are in Briggs his Logarithmica Arithmetica, or in 
| —_— or Newtons Trigonometria Brittanica, and divers 
/ others, 
| So judging thus much ſufficient to illuſtrate the foundati- 
| onand nature of Logarithms we will now proceed to ſpeak 
| of their Conſtruion or making, as they are in the Tables 
now generally uſed, | | 


| 
a. 1 ah 
4 

| 


&- 
er 


[ary ; 
| Thirdly, Of the Conftruttion of 
| Logarithms. 
t 
< | A ng (or hath been already ſhown) ſeveral kinds of 
> Logarichms might be aſsigned for the ſame proporti- 


x | onal numbers, or ſeveral proportional numbers to the ſame 
y | Logarithms, yer thoſe are found moſt commodious and = 
ct | N 2 of 
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for the uſc in all Arithmetical operations, which: (having a 
Cypher-for the Logaricthm of unity) are ficted ro arank of 


numbersin' Geometrical progreſszon increaſing from unity 


{ 
{ 
{ { 
by a: decuple proportion, a5 thus, 1 with competent num- F'* 
-ber of cyphers annexed is the Log.. of 10 ; 2 with the-like | | 
number of cyphers for the Log. 100, and ſoon as in the fol- | 
lowing Table. . [ 
T 
[1 

Nambers. | Logarithms. 
X ©,00000 
Io 1,00000 l, 
I 00 2,00000 | 
I 000 | 3,00000 [ 

| 10000 | 4,00000 

100000 £,00000 t 
I 000000 6,00000 n 
/t 


in the firſt column is a rank of proportional numbers in- | £ 
creaſing from 1. in a Ten-fold reaſon : In the ſecond column | L 
15 their reſpettive Logaricthms wherein 1 or(rather) 1,00000 | 1 
is their common difference. ST: 
To theſe proportinal numbers, zz. 1, 10, 100, &c. in 
the firſt colum are aſsigned for Logarithms the numbers 1, 2, } D 
3. &c. in the 2d.column with as many Cyphers annexed, as | C: 
are the tumber of places deſigned for rheTable of Logarithis | © 
ro conſiſt of, and thoſe Cyphers may (not improperly ) be |! Y 
eſteemed as decimal places. So that the Logarithms hereby m 
becomes mix. numbers whoſe integers (which is always the | q 
firſt figure in each rowards the left hand) being ſeparated | 
from the decimals by a point, are called the CharaQerifticks } 7 
C: 

in 

p 

c 


or Indices of the Logarichms, becauſe they ſhew the diſtance 
or ſear of their correſpondent pumbers from rhe upits place, 
as being always leſs by an unit then the number of figures or 
places the narural or abſolure pumber, belonging hag 
ot 


Pn 


41d] 2 


doth conſift of, thus the index of the Log. of all numbers 
under 10 is 0, The index of the Log. of all numbers be- 
tween 10 and 100 Is 1, of all between 100, and rooo is 2, 
&, The Logarithms being thus aſſumed to be mixr num- 


. 

[ b 

I'TE, j 
- 


bers, it follows, that che Logarithms of all numbers between 
' 1and 10 begin from o. and are conſequently leſs then an 


unit, The Log. of all-between 10 and 100 begin from x and 
| are therefore greater then x bur Tefsthen 2 and ſo on in the 
like order ſuccelsrvely. 


Having thus aſsigned the Log. of 1, 10, 100, &e. tobe 
0,00000, 1,00000, 2,00000, Kc. as in the preceding Ta- 


| 


l 


, 


| 
| 


ble, by thoſe ro find the Logarithms of all the incluſive inte- 
gral numbers between 1 and 10, as 2, 3, 4 5» 6, 7,8, 9. 
thoſe berween 10 and 100, as 11, 12, 13; 11, 15; &c. 1s 


| the ſubject of the enſuing part. 


The old way of making them was (by the firſt inventors 


| thereof before-mentioned)) laid down by the extraction of 


; 
s 
: 
I- 
a 
0 


| 
t 


3 
S 
$ 
b 
ſ 


| 


many roots, thereby to find ſo many continual mean propor- 
tonals until che number of cyphers intercepted berween uni- 
ty, and the firſt ſignificant figure of the frational part, was 


; equal tro the number of places that the intended Table of 


Logarithms ſhould confift of, And torhoſe proportionals ſo 
many Arithmertical means was to be found, for Logarithms 
reſpeRively. 

Another method was by continual Multiplication, which 
Dr. Newton profecutes in his Trigonometria Britanica, dedu- 
ced (as he intimates in his Preface) from the 5th. Chapter 
of B*;ggs Arithmetica Logarithmica, bur both theſe ways was 
very laborious as well as tedious 5 which Conſiderations put 
many ingenious men and able Mathemaficians, upon an in- 
quiry and diligent ſearch for finding out a more expeditious 
way, thea what was then known: Whereupon one Mr. 
James Gregory of Scotland in an excellent ſmall Treatiſe of his 
clled, Vera Circuli & Hypertole quadratura, Printed at Padua 
tn che year, 15 © doth ſhew how (with great accuracy) to 
produce Logarithmical numbers (by ſquaring the Geomerri- 
cal figure called the Hyperbo!a) ro any number of place de- 
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fired, and that with more eaſe and ſpeed, then by any of 
the methods before known, and theſe numbers he calls hy. 


poacnng Logarithms. The ſame or like merhod was p_ 
y 


Mr. Nicholas Mercator, itt a ſmall (bur Learned ) Treatiſe 
of his Intituled. Logarithmotechnia, Printed art London in the 
year 1668, and by ſome new properties which he then diſ- 
covered in the Hyperbola, did from thence deduce the ſaid 
hyperbolical Logarithms with moreeaſe and expedition then 
by Gregory's method, after that in the ſame year 1668. The ſaid 

ames Gregory reaſſumed the ſame ſubje&, and made further 
mprovemear and demonſtration thereof according to Merca- 
tors method, and this in an ingenious Treatiſe of Gregory's 
publiſhed by the Title of Exercitationes Geometrice, which 
method 15 now generally accounted the beſt, alſo a further 
Explanation of Gregory's method (in his Exercitationes Gto- 
metrice) hath been lately publiſhed in Engliſh by Mr. Excl, 
Speidal (all the former of Gregory's and Mercator being in 
Larin) with a Geometrical figure tor demonſtrarion, of ath- 
nity with the Fperbola, The ſame method (as deduced 
from the aforeſaid Treatiſe Exercitationves Geometrice) I ſhall 
here infiſt upon referring rhe more inquifirive or intelligent 


 —*, 7 is ot 
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Reader to the ſaid Treatiſe for Geometrical demonſtration ' 


thereof; and contenting my ſelf with the Numerical of | 


Figurative part of the work in this ſmall Treartiſe.ſhall wave 
all furcher diſcourſe hereof, and only endeavour to lay 
down the Rules, and explain the operations thereof in as plain 
and intelligible cerms as poflibly I can, conſidering the 
SubjeR. 


4 
JH —_— —_ 


To make the Hyperbolical Logarithm of any 
Number, the General Rule may be briefly 
laid down thus : 

EFTO the given Number add 1 for a denominator or divi- 


ſor, and from the given number Subſtra& 1 for 4 
Numerator or dividend 5 then of the vulgar fra&ion henoe 


relult- 
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*peſulring compoſe all the odd powers thereof, which will be 


4 ſeries of proportional numbers, and divide thoſe powers 
by their reſpe&ive Exponents, to wit, 1, 3, 5, 7». &c. The 
fum of all thoſe quotes (being reduced firſt into their leafk 
rerms and then into Decimals) is half rhe Hyperbolick Loga- 
rithm of the number propoſed, and from thoſe Hyperb. Log. 
thus found; may the Tabular Log. now generally uſed, be 


eaſily obtained, as ſhall hereafter be ſhown 1a irs due place. 


Firſt Example. 


Let it be required to make the Hyperbolick Logarichm 
of 2, according to the General Rule. To the given number 2, 
Tadd 1 the ſum is 3 for a denominator or diviſor ; and from 
2 ſubſtraQing x, leaves 1 for a numerator or dividend, then 
1 divided by 3 is +, ſothat the vulgar fraftion hence reſulr- 
ing is +, and rhe ſeveral odd powers of + are as by their 
odd Exponent thus, 


Expo. I, 3s, $ 5» 5, 0s Wb 


| 4 x Ls I [ r 
Powers, 0 JD - 639 LTO  JOT090 QC. 


_— 


oth. of Geom. Progreſſion foregoing, in that they have the 
ſame common ratio or multiplier, z. 4. 4 rhe ſquare or 2d. 
power of +, and by the 1 5. of Geom. Prog.1ts apparent tharall 
thoſe odd powers may be formed by a continual multiplica- 
tion of { by + its ſquare or 2d. power, Thus, 


Expon, 2 1=23 3 2 2 = $0 
| and ; 


Powers 4} * 


That thoſe powers are ren, is evident from the 


Thoſe Powers being divided by their reſpe&ive Indices or 


Exponents, which according to diviſion in vulgar Fractions, 
is 


is only multiplying the ſeveral denominators, by their cor- 
reſponding exponents reſpeUtively thus, 


—_—_— — r I — 
I K1=Zpyy 35 37, and ;{; * $ =, | 


which done, the ſeveral quotients, are, 


-/ " n- 


x Y Y i EIS _ AMIDE _ — TREE & 29 
IHTITEL ITS 3 BILTFFLETFITBEOGTI I 207 26190) FITFE3 TOTP. 
&C. 
Theſe quotes being Reduced into Decimals, are 
+ = 9333333333, KC. | 
Ir = 9012345679, 
DIÞF = 3000823045 | 
355 = 9000065321 
T3357 37 = 9000005645 | 
T;544%4p7 = g000000513 | 
T3333 = 3000000040 
Tet wry = 200000008 | 


3 the hyp. Log. of 2 = 1346573589 
| 2 


— as 


The Hyp. Log'ot 2 is — 693147178 


_— — _ — 


<7 UC. 


By the Leg. of 2 may the Lageiezms of all the powers of 

2 be eafily made, viz, The Log. of 4, 8, 16, 32, 8c. but 
this [ ſhall refer till after I have: ſhown how by the Hyper- | 
bolick Log. of 2. To find the Tabular (or Briggs's) Lo- | 
garitam of 2. | 

y 

And here Nore, That though this method for Calculating 
the hyperbolick Logarittims, by the general Rule atoreſaid, 


IF. 


I 
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be both eaſie certain, and expeditious : apd may therefore 
be uſed for all numbers whatſoever, yet there may be'fome 
Abbreviations or Compendiums deduced, which will be of 
good advantage 1n the operations and theſe. Abbreviarions, 


Kc; 

Firſt, Inſtead of framing the powers. aforeſaid in the 
terms of yulgar Fractions, they may be produced in Deci- 
mals thus.. Fhe Decimal of 4 (the firſt power in the pre- 
ceding Example) is ,333333333, &c. but to produce odd 
powers of ,333333333, &c. = + by a continual Multipli- 
cariqh of ,111111111, &c. the Decimal of + the 2d. power 
of &, would be intollerable, yer as 4 or its Decimal is here 
a continual multiplicator, from chence ir follows (andiis a 

arent from the foregoing Treatiſe of Decimal Aruthmetick, 
in page 86, 87, and 88, Where is ſhown how by a given 
diviſor to find a multiplicaror and the contrary) that a divi- 
for may thereby be had which will effe&t the ſame, as the 
continual multiplicator aforeſaid 3 viz. ASL: 157 x2 
or 9 the diviſor required. So that as + is here a continual 
mulriplicaror, So may 9 be a continual diviſor; Therefore 
divide ,333333333 Þy 9 continually ; thatis, ,33333, &e. 
divided by 9 quotes ,037037037, and that quotient again 
by 9 quores ,004115226 and (o on, ſercing the quotients 
underneath each. orher, which quorients are the odd powers 
of - in Decimals, and conſequently are proportionals as be- 
fore z which done divide thoſe powers by their reſpeQive 
Exponenrs. The ſum of their quorients thus found ſhall 
make half the hyperbolick Logarirhms of 2. agreeing with 
the other mechod, And 
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The Operations in Decimals are accordingly as follows, for | 
making the Hyperbolick Logarithm of 2 ,3 = '3333, &c, 


; 
y 
The fevers! odd powers of [ Thoſe Powers being divid- | f 
23333323342 = 7 form'd by | ed by their correſpond. expo; | t 
dividing yy 9g continually, | the quotes to be added for * ! - 
are the Hyp. Log. of 2 are (| 
; 
Expon. Powers. | - 
I 2333333333,KC+ | 2333333333 
3 2037037037 | 2012345679 
5 95004115226 ,000823045 
7 | ,0004 87247 | 000065321 ZE 
9 ,0000g080g ,000005643 | 
II | ,00000864 5 0000005 13 
3 ,0000006 27 | ,000000048 
Ig ,00000006 9 ,000000005 


Halfthe Hyperb. Log. of 2 js ,346 573589 
2 


| The Hyp. Logarithm of 215 ,693147 178 as before. 


Hence you may chuſe whether you will perform the Ope- 


rations in terms of vulgar Fractions, and reduce the laſt quo- 
rients into Decimals, or effe&t the whole O 


mals. 


ations in Dect= 


I have here for better illuſtration, inſerted the Ope- 


rations according to each merhod for making rhe Hyperb. 
Logarithm of 2, but in the following Examples ſhall perform 
rhe Operations in Decimals according to the latter method. 
And this explication I judge ſufficient, in which I have been 
the more large to the end that theſe precepts may ſerve in _ 
all the enſuing Examples or for making the hyp. Log. of any 
number without further directions. |; 


Let it be required to make che Hyperbolick Logaricrhm 


of 3, 


Second Example, 


Firſt, 


* eee. EE ES 
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Firſt, 3 — 1 = 2, for the numerator or dividend and 
3 x I = 4, forthe denominator or diviſor therefore the 


| vulgar Fra&ion reſulring is + — + the ſquare of 4 is 2 


for a continual mulriplicator and by conſequence 4 15 a con- 
tioual diviſor, 2 15 (in Decimals) ,$0000000, Kc. 


The Operations in Decimals are as follows. 


, The odd powers of ,; — + | Thequort.(of the ſeveral pow. 


produced by a continual | of ,5 being divided by their 
diviſion by 4. correſponding Expon.) to 
be added ro make * of the 


Expon, Powers. Hyperb. Log. of 3. 
I | $$0000000, Wc, +$0000000 
3 ,1 2500000 9404166667 
5 03125000 0062 5000 
7 ,00781250 00111607 
9 ,OOI953I2 ,0002170Ll 
II ,0©0048828 400004439 
E £8 200012207 ,00000939 
==” ,000030$2 ,00000203 
17 ,00000763 00000045 
I9 z0OOCOIGT | ,00000010 


FEI — — —— 


Half the Hyper. Log. of 3 ,549 306rn 
The Hyperb. Log. of 31s 1,09861222 


Another Abbreviation or Compendium in making the hy- 


| perbolical Logarithms may be this. 


That alrhough the hyperb. Log. of any number may be 
made by the Addirion and SubſtraQtion of 1 to and from the 
number propoſed, &c. (according to the preceding General 
Rule). Yet when the given number 1s ſuch, as thar the 
vulgar FraRion reſulting (by adding and Subftrafting 1 &c. ) 
hath nor 1 for irs Numerator. Then the Log, of ſuch a' 
number is more readily made by the Logarichms of 1ts rwo 
Compoſers or FaQtors whoſe Fatt or Produtt 1s equal to the 
eiven number. And one of the Factors ought to be ſuch a 
num- 
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number whoſe Log. 1s already known, The other ſuch a 
number, as that by the Addition and SubſtraQtion of 1, there 
may reſulc a vulgar Frattion having 1 for its numerator, ſo 
may the ſeveral powers thereof be more eaſily formed, and 
conſequently all the operations more expedired and facilira- 
red, then when the Numerator is any number greater 
then 15 

Thus if you defire to make the hyp, Log. of 3 by two 
numbers whoſe Fa&1s 3, the two numbers moſt convenient 
will be 2 and 1 *, for the Logarithm of 2 is known, and 1 
added to, and ſubſtratted from 1 7, leaves. the reſult of - 
the ſquare whereof 1s ,} for a continual Mulriplicator 
whereby ro.form the odd powers thereof, and conſequently 
25 isa continual diviſor to efte& the ſame, or rather as,o04 
is the cquivalent Decimal of 7, .04 may therefore be made 
a continual multiplicator for *ris all one, whether you divide 
by 25, or multiply by -3,or by ,04, continually for the pro- 
duQion of che odd powers of -; or ;2 I equivalent Decimal, 


The Operations (to make the hyp. Log. of 1 ) arein 
Decimals as follows 3 


The odd powers of ,2 — + | The ſeveral quotes(of the po- 
produced by continual d1- | ' wers of ,2 divided bytheir 
viding ty 25, or (which is proper Expon. ) to be ad- 


' the ſame.) by continual | ded to make * the hyper, 


multiplying by ,04. Log. of 1 - are 
Expon. Powers, 
= ,200000000,&c »200000000, KC. 
3 ,o08000000 2002666657 
5 ,000320000 ,000054000 
7 ,000012800 {  ,000001828 
9 »>0900005g 12 | ,0000000 g7 
I1 »>CCOOOOO21 { ,000000002 


I —_——_——— Y w_— — — ———_ E__—_—_—_—— w_ ————— ——— 


Half rhe yp. Log. of 1.5 1s = 4202732554 


a — 


ws o 
| it 


- FF _ an ww ww 1X ,ksn ©oO©£@C 


' Df Logarithms. 17-) l 


The hyp. Log. of 1 4-15 = 4405455108 
The hyp. Log. of 2 added = ,693147178 


The ſum is the hyp, Log. of 3 = 1,098612286 nearly agre- 


' ing with the hyp. Log. of 3 before found, and thoſe two 


' ways may ſerve to verifie or prove each other. 


Note, That becauſe 2 4 1 * = 3, therefore the Log, 


of 2 added to the Log. of 1 + makes the Log, of 3. 


By the Log. of 3 may the Logarichms of all the powers of 


| 2, vit. 9, 27, 81, &c. be eaſily obtained. Likewiſe hav- 


4 


| 
' 
| 


ing the hyp. Logar. of 2 and 3 the hyp. Log. of 6 (their 
Fa&) is readily had, for becaule 2 x 3 = 6. Therefore 


To the hyp. Log. of 3 = 1,0986 12286 
Add the hyp. Log. of2 = ,693147178 


— 


Sum 1s the hyp. Log. of 6 — 1,7917 59454 


The Third E xample. To make the Hyper. Log. of 5. 


To make the hyp. Log. of 5, The beſt and moſt facile 
way is to chuſe two numbers (according to the preceding 
dire&ions) whoſe Fatt is $;, and thoſe numbers may be 
either 3and 1 2, or qgand 1 4. 


Firſt, by the hyperbolick Logarichms of 3 and 12. To 
make the hyperbolick Logarithm of 5, The hyperbolick 
Logarithm of 3 is already known, Therefore the hyp. Log. 
of 1 2 is required ta be made, | 


1;5— 1=2 forthe numerator or dividend, and 


12 X1= 22 or + for the denominator or diviſor.and 


2 divided by = (rejeRing the nenominators in each) is 2 
or {, Theſquare of; is, the continual multiplicator and 
therefore 15 15a continual diviſor, whereby to produce the 
odd powers £ or- ,25 the decimal equivalcat co 2, 


of 


The 
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The Operations are 


The odd powers of ,2 5 — ? | Thoſe ſeveral ' powers being 


produced by dividing con- | divided by their proper 


rinually by 16. | Expon. reſpe&ively. The 


quotes to be added are 


Expon, Powers. 

I 2 $60000000,&c 32 860000000 

*: | »015625000 ,005208333 
s »000976 563 . gooolgg313 

7 | -000061035 ,000008719 

9 ,00000381 5 ,000000424 

11 ,000000238 -z000000022 

| ,0000cool 5g z000000001 


A 


— EEE ee Ir Inn enm—_——e——emn————n ne Pen 


Half the hyperb. Log. of 14 s = ,255412812 


The hyperb. Log. of 1 415 = 4510925624 
The hyperb. Log, of 3 added = 1,098612285 


— ——— — 


The Sum is the hyp. Log. of 5 = 1,609437316 
To which add che hyp.Log.of 2 = ,693147187 


—  — 


The Sum is the hyp.Log.cf 10 — 2,302 58 5097 


Herethe Log. of 3 is added to the Log. of 1 2 to make the 
Log. of $,becauſe, 3 # 12: = 5$- Alſo becauſe 5 # 2= 10, 
therefore rhe Lcg. of 2 added. to the Log. of 5 gives the 
Log. of 10; s | 

By the Log. of 5 may the Logarichms of che powers of 5 
be readily made as of 25, 125, 625, Kc. 


Secondly, To make rhe hyp. Log. of 8, by its Faftors 4 
and 1 -, che hyp. Log. of 4 1s already known (being rwice 


the Log of 2 for that 2 4 2 = 4) ſothar it 150nly here 
required to wake the hyp. Log. of 1 5. 


' 


| 


| 
| 
i ( 
J 


r 
o 


; 
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t 


t:—1=7 for a Numerator or dividend, and 


| 1:+1= 2 7 or 3 for the denominator{r diviſor. - -So 
that the vulgar fraQtion hence reſulting 15/3 whoſe ſquare 
' is 4 for a continual Mulriplicator, and thetefore 81 is a 
| continual Diviſor, whereby to raiſe the odd powers of 2 or 


' 111111111, &c. the dectmal correſponding thereto, 


The Operations are 


The odd pow. of ,111111111 | The quotes to be added to 
&c, — 4 produced by di- | make ; hyp.log of 12,being 


4 viding continually by 81, the odd powers of 3 divid;, 


or (which is all one )by di- | ed by their correſponiting” * 
viding twice by g. Exp. reſpeQtively, 
; Expon, Powers. 
I QTITL1TLIL1L,&C ,ITLILINGIA, &c, 
3 9001371742 000457247 
5 ,000016935 ,000003387 
7 | 290000209 ,000000030 
9 »>0CC000003 —__þ@__ 


' Half the hyperb. Log. of x ; 1s = ,1i15791975 « 


: — —_ —_ — 


The hyperb. Log. of 1 51s = 4,223143550 


| —— 


yp. Log. of 2 beforefound is = ,693147178 


| = m— cc 


| The hyperb, Logarith. of 4 is = 1,385294356 


4 


' Towhich add ththyp.Log.of 1: = ,2231435$50 


| —_— 


| The Sum is the hyp. Log. of 5 = 1,609437505 


Note that if the work had been continued to more places 
thoſe two ways of calculating che hyperb. log, of 5 would 
= more nearly agreed , and may ſerve to verifie each 

ater, 


O Here 
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. The Operations are 


The odd powers of ,25.— | | Thoſe ſeveral powers being 
produced by dividing con- divided by their proper 
rinually by 16. Expon, reſpe&ively. The 

quores to be added are 


Expon. Powers. 
| 42 $60000000,8&c 52 860000000 
3 015625000 -005208333 
g »000976 563 ,000195313 
”7 ,000061035 ,000008719 
9 ,00000381 5g 49000000424 
11 ,000000238 -z©00000022 
,0000CO0Ol 5g ,000090001 
\ Le ———— ner OW — 


Half the hyperb. Log. of 14 1s = ,255412812 


en om. ——  _—— 


The kyperb. Log. of 1 415 = .,5103256 24 
The hyperb. Log, of 3 added = 1,09861 2286 


— ——— 


OO IS 


The Sum is the hyp. Log. of 5 = 1,609437516 
Fo which add che hyp.Log.of 2 = ,693147187 


—  — — 


The Sum is the hyp.Log.cf 10 = 2,30258 5097 


Herethe Log. of 3 is added to the Log. of 1 4 to make the 
Log. of 5,btcauſe 3 * 12 = $- Alſo becauſe 5 x 2= 10, 
therefore rhe Lcg. of 2 added to the Log. of 5 gives the 
Log. of 10; 6 

By the Log. of 5 may the Logarichms of che powers of 5 
be readily made as of 25, 125, 625, Kc. 


Secondly, To make rhe hyp. Log. of &, by its Fattors 4 
and 1 5, che hyp. Log. of 4 1s already known (being rwice 
the Log of 2 for cthat2 « 2 = 4) ſorhar it 150nly here 
required to wake the hyp. Log. of 1 4. 
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ti _—_— : for a Namerator or dividend, and 


| 
. { 11+1% 2 7 or 5 for the denominator or diviſor. - -So 
e | that the vulgar fration hence reſulting is 3 'whoſe ſquare 

is z- for a continual Mulriplicator, and thetefore 81 is a 
| continual Diviſor, whereby to raiſe the odd powers of + or 
| 1111111111, &c. the decimal correſponding thereto, 


The Operations are 


' The odd pow, of ,111111111 | The quotes to be added to 
&c, — 4 produced by di- | make + hyp.log of 12, 


viding continually by 81, | the odd powers of 3 dividz., 


| or(whichis all one)by di- } ed by their correſponding” * * 


viding twice by g. Exp. reſpeRively, 
| Expon, Powers. . 
| I QTITLILTLL,&C q.LLLILTIGGG, &c, 
3 »001371742 000457247 
5 ,000016935g 000003387 
7 | ,290000209 000000030 
9 »©CCOOOOOZ —— — — 


; Half the hyperb. Log. of x ; 1s = ,1Hi1591975 « 


: | The hyperb.Log.of 14 = 1223143550 2 


mn en EE nn 


e- | yp. Log. of 2 beforefound is = ,693147178 


| The hyperb, Logarith. of 4 is = 1,38529435s5 
To which addthEhyp.Log. of 1: = 4223143550 


—— 


| The Sum is the hyp. Log. of 5 = 1,609437505 


Note that if the work had been continued to more places 
thoſe two ways of calculating che hyperb, log, of 5 would 
| have more nearly agreed , and may ſerve to verifie each 
| ather, | 
0 Here 
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Here Note alſo, That although the readiefſt method to 
make the:hyperb. Log..of 5'be (as aforeſaid) by chuſing two 
numbers whoſe fa& is 5, which may be cither 3 and x 2 
or 4 and 1:3 (as inthe two preceding aperatiog) and add- 
ing their logarithms together. . Yet the hyp. log.of 5s may 
(with fome-mor difficulty.) be made by adding and ſub- 
firadng 1.to and from $ the given number it (elf According 
to the firſt general. Rule, but in regard the; operations are 
400 large for thisnarrow page, and becauſe the hyperbolick 
/ logarithm of 5 is already done two wayes. I ſhall omit the 
making thereof by the number it ſelf, and leave that to the 


praiſe of the ingenious that ſhall rhink fit to perform it | 


thatway. 
4A . The Fourth Example. 
To make the Hyperbolick Logarithm of +7, 


The Hyperbolick logarichm of 7 may with much facility | 


and diſpatch be made by its faftors, to wit, either by 5g and 
12 or 6 and 1 :, In making the hyperbolick logarithm 


of-7 by the two firſt numbers, the hyperbolick logarithm of | 


s being already known, there 1sonly the hyperbolick log. of 
x + required tobe made in order to obtain the hyperb, 


log. of 7. 
I }— 1=2 the numerator or dividend. Alſo 


1+41=22 or 22 the denominator or qiviſor, there- 
fore the fraQtion reſulting hereof is +2 or + the ſquare of 


which 1s 2. for a continual Mulctiplicator or 36 for a conti- 


nual diviſor, whereby ro produce the odd powers of 4 or | 
216666666, &c, irs correſponding decimal, 


bk 


| 


| 
| 


n 


| 


oO , 
O The" Operations att.” 
c) 
) | The odd pow. of, 165666567 | Thoſe powers being divided 
5 | _ = produced by continu» |, by their xe(] povpire Bu 
o af diviſion by 36. the q quotes be 
k- halfih Jplogor 1 I IJare 
kc Expon. | Powers, C 
. ,1666666666&c 166666667 | 
- 3 0046296 296 jO01 543210 
ws | -$ ,0001286008 2000025720 
7 ,00000356723 ,000000510 
bj] ,0000000992 20000000KE 
©} ,0000000028 — 
the hyp. log. of 1 + is = 168236118 | 
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The hyp. log.of 1+ 1s. =. ,335472236 
; Unto which add the hyp.log. of g = 1609437910 


py, oy, bet: Rin << 


h (096-0. 7: 


| To _ the hyp. Jog, of 97 Ret faQors 520d x: £1 


"The ſumis rhe hyp.log,of 75 = 1:94 15919146. 


Becauſe the fa& of 5 and 1 :+ is 7,..therefare izhyp. 
| log, of. 5 addedto DE DPRrd- log. of 4.4 z (inkraln — 


41 


| the hyp. log. of 6 is known, and the fraction reſulting by 
| adding and ſubdaRing 1 toand from 1 3's ++ Whoſe - 


44 fora continual Multiplicator, and 169 1s "therefore 
+ {continual diviſor for: the produgion of rhe odd JEU of : 


f - | 54 ==. ,076923076g, 'Kc. 


F] 


: 
| 
4 
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The Operations . are 


8c, = 7; produced by di- | by their proper Expon. The 
' viding continually-by 169g, þ quotes to be added romake | | 
or by dividing rice by 13. | the hyp. log. of 1 5 are | | 


Odd pow. of ,0959230769, | The powers being divided 


Expon. | Powers. 
I ,0769230769&c | ,076923077 | 
3 | 20c04551662 ,000151722 | F 
g ,0000025933 ,0000. 0539 F 
7 ,00000001 59 ,000000C02 
9 ,0000000001 - —— 
Halt the hyperb. log, of 1 4 is = 409709 5340 | 


The hyp. 10g. of t 51s = ,154150680 
The hyp.log.of 5 being added =,1,7917 59464 
The Sum is the hyp. log. of } =. 1,94 5910144 nearly agree- | 
ing with the hyp. log-of 4 before found by the faRors 5 and 
I 7. | | 
By the log. of-7 the log. of 49, 343, 2401, &c. the po- 
wers of 7 is cafly made by multiplication only. Having | 
made the hyp. log. for the numbers 3, 5, and 7 by two'me- | 
thods, for this end that one many 2. to verifie or prove | 
the other, it may be convenient to give a hint how ro make 
the hyp. log, of 2 b y two faftors to prove the foregoing ope- | 
ration of making the hyp. log. of 2 by the number itſelf. 
Thus the hyp. log-of 2 may be eafily and readily made by 

the numbers x * and 1+ whoſe fa& is 2. And in order | 
hereunto the hyp. log. of 1 4 has been already made there« | 
fore hyp. log. 1 + is required which by operation will be } | 
found to be ,2817682072 

To which add the hyp. log. of 1 * = ,405465108 


— —— 


The ſum is the hyperb. log. of 2 = ,693147180 
nearly agreeing with the hyp.!og. of 2 before fcund. _ 
Thele 


», + Þ bas 
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Theſe Precepts and Examples I judge ſufficient , for 
making thoſe numbers called hyperbolick Logarithms. The 
like method being to be obſerved for the hyperbolick Loga- 
rithms of all incompoſite Numbers, 3. e. Such Numbers as 
are nor commenſurable by any whole number between an 
unir and the number it ſelf, that js 11, 13, 17, 19, 23, 
29, &c. | 

Thus the hyperbolick Logarithm of 11 may eafily be made 


| by irs two FaRors 10 and 1 ;, the Lojiekiin of 10 being 


known, and in order to make the hyper 
1 +! the fraRtion reſulting will be ..-, 

Or the hyperbolick Logarithm of 1 1 may be readily made 
by the two FaQtors 9g and 1 3, their fa& being 11 and the 
fra&ion reſulting from 1 2 15 ; 7. p 

Alſo the hyperbolick Logarithm of 12 may be made 
either by its two Fattors 12 and -* (the fraftion reſulting 
from 1* is 3) or byirs two fators 11 and 1 ;+ the fra- 
ion reſalring from 1+ 1s +?. The like Compendious me- 
thod may be performed for the other incompoſite numbers, 


ick Logarichm of 


; by two faRtors, which I leave to the ſearch of che ingenious 


PraRitioner herein, 


By the hyperbolick Logarichms of thoſe numbers already 


| made. The Tabular Logarithms of all numbers under 16 1s 


: 


| 


| eaſily obrained, and from thence likewiſe is readily had rhe 


Tabular Logarithms of all compofire nnmbers, arifing from 
the mulriplication of any two or more of tho'e numbers ro- 
gether, whoſe Logarichms is known as follows. 

For as much as all Logarithms performs the ſame conc'u- 
ſions, thereſore they are proportional,that is, As the hy per- 
bolick Logarichm of any number: Is to the Tabu'ar (or | 
Briggs) Logarithm of that number : : $5 is the hyperbo- 
lick Logarithm of any other number : To rhe Tabular loga- 
rithm of rhe ſame numher. But the Tabular logarithm pf. 10 
Is always 1,0000000, &, (as hath been already ſhowy) and 
the hyperbolick Logarithm of 10 is ( as before ſound ) 


' 2.,302585088, Therefore the proporcion may (univerſaliy 


| 


and moſt conveniently) rup thus. As the hyperbolick 10- 
garithm of /10 : is ro the Tabular Logarithm of ro : : 55 
O 3 Þ 
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' js the hyperbolick Logarichm of. 2, 3, 4, 5, ar: an 
number : To wy Irs a Logarithm Fae F DO YI 
. . And here in as much as the two firſt rerms may be genera] 
they may therefore be accepted of as a fixt ratio berweenthe 
yperbolick and the. rabular Logarithms, and from hence it 
follows (according tothe method delivered in page 89-and 
co, in the preceding Treatiſe of Decimal Arithmetick, for 
finding a fixt Multiplicator or Diviſor in all ſuch Caſes 
where there.is a derermined ratio) that the fixt Diviſor 
ſay be 2322555283 or rather 2,302585, &c. And the fixt 
mulriplicator may be 2222222222 or. rather ,0434204483 
ec. | nn by dividing I,000000000, &c. (the Tabular Lo. 
garithm of 10) by 2,302 58 5088. (the hyperbolick logarithm 
of 10) as follows, 


2,302585088) 1,0000000000 (,0434294483z Kc, 


7896 596480 


9888412160 


67807118080 


21755479940 


—  — 


10322132480 


ITI17921280 


— 


19075809280 


—_— 


655128576, Kc. 


Hence it is that if the hyperbolick logarithm of any num- 


her be either divided by 2,302585, or multiplied by 
,0434294 5, the quotient or produdtt 1s the tabular logarithm 
of that number, Thus the hyperbolick logarichm of 2 1s 


693147 180,the tabular Logarithm by diviſion 1s 2JP10 20008 
| | Ln eforc 


before which prefixing o for its proper Index or c 
ſtick and then it 150,30103000, the logarithm of 3 accord» 
, | | ing to Brigg's Tables. | | PE: 1 


= 


T 


2,3025235) ,693147180 (,301030007, &c. 


| 2371680 


a. — 
— 


6909 $00 
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17440000, Kc; 


| By Multiplication the tabular Logarithm of 3 is the ſame 
; (prope verum) as by Diviſion, as follows. 


| The hyperbolick Logarithm of 2 is = ,693147180 
The fixr Multplicator is = 404342945 
3455735990 
27712588720 
6238324620 
13362943650 
2772588720 
2079441 540 
2772588720 


| The Tabular Logarith. of 2 is 0,30103000,79645100 


For the Logarithms of the powers of 2, 3. e. 4; 16, 32, 

64, &c. Mulriply the Logarithms of the root 2, by the Ex- 

ponents of the” powers as 2, 3, 4, 5+ &c. the ſeveral pro- 

| duds are the Logarithms cf the powers of 2, reſpetvely. 

| Thus 0,3010300 the tab. log. of 2 multiplyed by 2 gives 

-  } 0,6020600the tab. log. of 4. And by 3 gives 0,203900, the 

7 | tab. log, of 8, and by 4 gives 1,2041200 the tab. log. of 15, 
| | and ſo on-for the reft of the powers of 2, ad infinitum. 

; The like is to be performed by rhe logarithms of any other 

, | vumber ro' find the logarithms of the - powers” of 'the Taine 

number ; O 4 By 


- Kd Fed - > 
*4 . _ 
to 
'® " OO 
- 
- , 


© By the hyperbolick Logarichm of 3. To find the Tabular 
Logarichm of 3. 


The hyperb.Log.of 3 (before found) is = 1,098612286 
The fixt Multiplicator is = 04342945 
$49301430 
4394449144 
9887510574 
2197224572 
4394449144 
3295836858 
4394449144 


The Tabular Log. of 3 is = 0,4111212,734412270 


The Tabular Log. of 9 is = 0,9542425 " 
of 27 1s = 1,4313633 
of 81 15 = 1,9084850 


By the Logarichms of 2 and 3 the Logarithms of all their 
Compoſites, as 6, 12, 18, 24, 36, &c. is readily obtained 
by Addition alone. For the Logarithm of 2 added to rhe 
| Log. of 3 gives the Log. of 5. The Logarithms of 6 and 2 
rhe logar. of 12, the log. of 5 and 3, the log. of 18, &c. 


Thus, The Tabular log, of 3 15 = 0,47712127 
of 2 is = 0,30103000 


of 6 Is = 077815127 


——_—_— 


of 12 1s = 1,07918127 


PO — 


— 


of 18 is = 1425527254, Kc- 


The reaſon of producing the Logarithms of the powers of 
gy number, by multiplying the Log. of the root by the Ex- 


ponents 


————_ WIS UGees. . wee i ce. ike Ms 4 —_— 


| 
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ponents of the power, as likewiſe of producing of the loga- 
richms of compoſire numbers by Addition of the i 
of their compoſers or faRors,is clear from they 8&1 5 of Geo. 
metrical p on foregoing, as alſo from the nature of 


Logarithms explained in the 1997 and 198 pages preceding ; 
Thelike operation is to be performed to obtain the Tabu- 
lar Logarithms of 5, 9, or any other number by their hy- - 
perbolick Logarichms,as alſo the Tabular Logarithms of their 
powers, or of their Compoſites, as hath been already per- 
formed, for the Tabular Logarichms of 2 and 3, their powers 
and compoſites, ſo that thus much may be deeined ſufficient |, 
for explaining to any reaſonable capaciry, the manner, and 
proceſs how firſt to calculate the bolick 1 
and how from the hyperbolick Logarithms of a few numbers, 
co make the Tabular logarithms of many, with much facility 
and diſpatch , and that to what exaneſs or numberof 
you pleaſe, and conſequently to calculate a whole Table 
of logarithms anew, or ro examine one already made. 
The next Subje& rhar falls under our Confideration as 
being both proper and very pertinent hereunto, isthar of the 
Logarithmical or Arrificial Sines, Tangents and Secams, | 


S774 W095 Ro 
; . 


_ $7} . > ©. hr 
«22 Trt b A. LOSSES. W4 | 


Artificial. Smes; T angents and 


" Secants. 


TY H E. Artificial Sines, Tangents and Secants are no 

8 other chen the Logarithms of che natural Sines, Tan- 
genrs and-Secants reſpeively ; being calculated to the na- 
cural- Radius of 10000000000, that ſo they might be the 
more exat. Notwithſtanding 'many natural Tables arc 
adapted to a lefſer Radius for more caſe in Calculation there- 
by. And from hence ir is that the Artificial 'Radius (5. e, 
the logarithms of the natural Radius) hath always 10 for the 
charaeriſtick,. or index thereof, and fo the indices of all 
the Artificial Sines, Tangents and Secants depends on the 
number of places, that the Natural Sines, Tangents and Se- 
cants confiſts of, and is either greater or leſs then 10, accord- 
ing as the natural number belonging thereto is either greater 
or leſſer then the natural Radius of the ſame Table : And 
from the premiſes it is clear, thar if there were extant a Table 
of logarithms for all numbers from x to 10000000000 3 
then might the Tables of Artificial Sines, Tangents and Se- 
cants be from thence readily Conftruted by Tranſcription 
only. Howbeit though no ſuch Table be to be had or expe&- 
ed, yet bya Table of Logarithms for all abſolute numbers 
from 1 to 1,0000, asin Dr, Newtons Trigonometria Britannica, 
and divers others. The Artificial Sines may (withour dif- 
ficulry) be arrained to ſufficient accuracy by the part propor- 
tional as follows. And from the Artificial Sines, rhe Arrtifici- 
al Tangents and Secants 15s eaſily made, as ſhall be hereafter 
ſhown 1n its due place. 


Having 


+ p 


The C onſiruion of the T ables of 


Having the Nataral $8 Zh of any Arch. To 


"Of Artificial Sines.anrents, xt 


find the Artificial or- Logarithaical - Sine 
thereof, by a Table of 'Logarithins," Sci © 


I. Ake the firſt five figures of the Natural Sine of the 
Arch-propoſed, to which annex as many cyphers 
as there are figures remaitiitig;” alſa rake. another. number 
exceeding the former by an unit with the like number of 
cyphersannexed to it. NOT PETS 

2. Look for the logarithms of the numbers aforeſaid pre- 
fixing their proper indices. - . :.. 

3. Get the difference of thoſe two numbers, as alſo the 
difterence of their logarichms, and likewiſe the exceſs of the 
Natural Sine above the l[efſer abſolute number, which is al- 
ways the remaining figures of the Natural Sine of the Arch 
propoſed. 

4. Then ſay, As the difference of the abſolute numbers : 
Is tothe difference of their logarithms : : So is the exceſs of 
the Natural Sine above the leſſer abſolure number : To the 
exceſs of the logarithmical fine required aboye the. leſſer 
logarithm. This fourth number or proportional * part 
found, added to the leſſer logarithm, gives the logarihmjof 
the Natural fine of the Arch propoſed, or Arnficial fine 
required, | 


Firſt Example, 


The Natural Sine of 3o d. is 5000000900, &c, Tofind 
the logarirhmical or Arrtficial fine thereof. 2.5; 

Here Note, That in regard the Natural fine of 'the Arch 
propoſed is 5s with cyphers annexed, Therefore 0,6 989,7000 
the logarithm of 5, with (9) the proper index prefixed is 
the logarithm of 5000000000, or (which is the ſame) the 
Artificial or logarichmical fine of 30 d. viz. 9,569897000, 


St- 


Second Example. 


vies, 


Sg; 
The Natural Sine of $4 deg. 1 5 min. being 811 59,39820, 
To find the Arnficial fine thereof. _e 


2% * A DA Au 


The firſt $ figures of the Natural Sine, with 5 cyphers an- ' 
nexed is | 81157,00000 log. 9,50932 598 
The numb.greater by 1 15 8x 158,00000 log. 9,90933134 


— —_— 


Diff. of the 2 abſol. numbers 100000 dif. log. 536. 
The exceſs of the Nar.fine above the lefler abſol.numb.39820 


The Proportion #, 


As 100000 3: 536 : : 39820 : 213 


The proportional part is 213,43520 


Unto 9,90932598 the leſſer logarithm 
Add 213 the proport. part found, 


rr — 
——— 


Theſumis 9,90932811 the Artific. ſine of 54 d. 15m. 


OO Go a - - 


Here obſerve that the firſt number in the proportion is 
always 1 with cyphers annexed : Therefore the operation 
for the proportional part is performed by multiplication only, 

Alſoif the Tables of logarithms, for abſolute numbers con- 
fiſts of 14 or 15 places; the like method 1s to be obſerved 
for finding the part proportional. 


Ws oe 


Third 


* 
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Third Exnmple. | 


To find the Artificial fine of 6o deg. the natural fine there- 
of being 8660254038. 


The firſt 5 figures of the Natural fine with g cyphers annexed 
thereto 86602,c0000 loga. 9,93752992 
The numb. great. by 1 is 86603,00000 loga. 9,937 53294 


——— 


Diff.of the two abſol.numb. is 1000co dif. loga. $02 
The exceſs of nar. fineabove the leſs abſol. numb. is $4038 


The Proportion s, ' 


As 1coco0 : $02 ': : $4038 ': 271 


Unto the proporrt. part is 271,27076 
Add the leſſer log.9,937 $2792 
The ſum is 9,93753063 the Artificial fine of $o d. or 
logarithm of — 8560254038 (the nat. fine of 60d, ) 


Having according to this method or by any other that 
may be judged more facile or expeditious calculated the 
Artificial fines, for the firſt rwo third parts of the quadrant, 
the othet third parc may readily and with eaſe be tupplyed 
with Artificial tines by this proportion, iz. As the {ine of 
an Arch: Is to the fine of 20d. : : So is the fine of double 
the ſaid Arch : To rhe co-fine of the firſt Arch. 

Thus having the Artificial fires for the firſt 60 d. To 
find the reſt trom $o to 61, 42, 63 d. &c. rogo deg. it 
runs thus, 


As 


1206 =. The Coniituction of the Tables 


As fine of 29 deg. Co-Arithm. 0,31442878 

To fine of 20 deg. SHARE $5 '\ 9,69897000 

So is fine of 58 deg. 992842048 

To fine of 61 deg. 9,94181926 

Again As ſme 28 deg. Co-Arithm, ..0,3283907T :- 

To Sine 3o deg. 9,69897000 

* - So is fine $56 dep. | 9491857421 + 

4 To fine 62 deg. —_ X9594593492 


The like operation is to be performed for the reſt. Or 
if you begin at go deg, Ta- fiad.the. remaining third pact 
of the ſines, and proceed to 89 d. 58 min, 89 d. 88 d. &c. 
ro 60 the proportion runs thus, 


As the fine of 1 d, Co-Arith, 1,75814469 
To the Sine of 3o deg. 9,59897000 
So is the fine of 2 deg. 8,54281916 
To the fine of 89 deg. xY9,99993385 
Again As the fine of 2 deg, Co-Arithm, ' 1,45718084 
To the ſine cf 3o deg. 9,698 97000 | 
So is the fine of 4 deg. 8,84 358457 
Tothe fine of 83 deg. T9, 99973535 


And ſo on for the reſt, as alſo for the deg. and minutes. 


Or having calculated the laſt 50 d. of the quadrant, 
the firſt 20 deg. may be readily obrained by the following 


. proportion; being only the converſe of the forni-r, viz. 

As the Co-fine of'an Arch propoſed : Is ::0 the fine of 
double that Arch : : So is the fme of 30 deg. To the fine of 
the propoſed Arch : And by this proportion you muſt pro- 
ms (10 finding the firſt 30 deg.) from 3o to 29, 28, 27, 
tO 1 deg. 1 min., Thus 


Ac 


© 


Ir ——_— 


' 3 Radjus::; To: the Tangent of that Arch :1 Therefore uni- 
{ verſally, The Artificiai Co-ſine ſubſtrated-from thefam of 
; Radius and the Artificial fine leavesthe Artificial Tangenrof 


—— = = 


rr —_— ——— 


| 951 bas 
| Again, As the ſine of 62 d. Co-Arith. 0,05406$08 


Df Artificial Sines; Tangents; xc. 207 
As the fme of 61 d. Co-Arith. © 0,08818075 


To the ſine of 58 d. ' 992842048 
So is the fine of 30 d. - 969897000 ' 
To the fine of 2g d. xX9,68 $7123 


To the fine of $65 d. 9291857421, 
So is fine the of 20 d. 9,.69897000 
To the fine of 28 d. xX9.,5 6160929 


4 
[*] 


Having the Artificial or L ogarithmical. ſine of 
any Arch. To find the Artificial or Loga- 
rithmical Tangent of that Arch. | 


HE proportion 1s the fame as in page the 259g where 
che nat. Tangent is found by the Nat. fine, viz, 


As the Co-fine of any Arch ; Is tothe fine thereof :.: So 


that Arch. 
Example. To find the Artificial Tangent of go d. 


As the Co-fine of 3o d. 0,937$396 3 
To the fine of 30d. 9,69897000 
So 1s Radius 10,00000000 
Tothe Tangent of 20 d, 9,75 143937 


Thus 


208 _- The Conſfrucion of the Tables 
Thus having made the- Artificial Tangents for one half of 
the quadrant, the Artificial Tangents for the other half, is 
cafily thereby produced by this proportion. As the Tan- 
; Is to Radius : : So 1s Radius to the Co-tangent. That 
is the Artificial Tangent ſubſtraked from twice Radius, 
leaves the Artificial Co-rangenr. | 
And hence it is that the Artificial Tangents and Co-tang, 
are always the Arithmetical Complements of cach other to 


rwice Radius, 
Example. For the Tangent of 6 d. the Co-tangent of 30 d. 


Alſo by the Artificial fines the Artificial Secants, may be 
made' by this proportion following, which is the ſame as in 


UVIR- , 

As the Co-fine of an Arch : Is to Radius : : So is Radius 
To the Secant of that Arch : that is the Arrificial Co-fine 
fubſtrated from the doub. of the Arrificial Radius,leaves the 
Arrificial Secant. of that Arch, and conſequently the Secant 
and Co-Sine of an Arch are always the Complement Arith- 
metical cach to twice Radius. 


Examp'e. To find the Secant of 3od. 


As the Co-ſine of 20 d. 90,93753063 
To Radius 1 0,00000000 
So is Radius - 10.00000000 
To the Secant of 30d, 10,06246 037 


For 


As the Tangent of zo d. 176143937 
To Radius 1 0,00000000 
$o is Radius 10,00000000 
To the Tangent of 60d. 10,2 38 $606 3 


Pag. 1 69. for finding the natural Secant by the natural ſine, | 


\ ee” 1 A AH 
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as For-the Secant of $04 + +> 7-11 4 rf 
\ | > UNINTES * 0 
at - F. As the Co-fine of 6o d. . - 9GyBg97090;; 
us, tf : 0 \ hob ore nn pmeeems 
To Radius (79, 11 | +. 2 © AGOOGA©E:; 
p. So.is Radius ' ' \EG$j000090Q@E 7 
to | | T re tree 
To the Secant of 60.9, 19, 32193999. 
| ] $7783 129076 0G153T6 

d, "From hence 1t/is clear, -Thatif ro the ment, AL) 
metical of rhe Co-fine "of any Arch you fp Ho 


/ ſum is the -Secant of ther AY ealagr os p &eh yr 
| Tables-of Artificial Sines -and . Tangens jaſtead of che Arj- = 
ficial Secants, are Slces the com Arthmenical ;of 
the Sines and Co-fines to Radius, which are no other then 
; | the Artificial Secants withogr their charaReriſyck vr-agices, 
' | whereby the Sccants are eaſily ſupplyed as ads as bs, 
e } Thus De 753968, the Artificial co-fine.phg9 dy; {or 
1 | of 60d.) ſubſtrafted from. z0,00000000 Fbe Radius. 
| 0,06246937 the complement Arichmerical thereof. There-- 
; fore, 


b>1 | 
; Unto 0,06 246937 the co-arith. of the Sine of 50 &d. 
; | Add Rad. 10,00000000 


, |} The ſumis 16,06246937 the Secant of 3o d. as before. 


Alſo unto 0,30103000 the co-Arith.of the Sine of 30d. 
Add Radius 10,00000000 


= 4 "ens — 4-0 ” _ 


—— 


The fum is 10,30103000 the Secant of 60- d, as before 
found. 


| Likewiſe unto 2,05915335 the Co-Arith. of the Sine of 
| Add Radius 10,000000d0 (36 Ms 


——— 


The ſum is 12,05915815 the Secant of 89 d, go 
| P 


Note, That the complement Arirtimerical of any 


'beginning ar the lefr hand) and che laſt towards th& 
Tat. 


PE : 
a 


mM 10. ) 


--Bur if you are to' take the Complement Arithmeticalof * 


an Arrifiexale Sine or Tangent greater then Radins: © Takeir 


from rwic&Radius, or (beginning ar the left hand ) ſub. 


ftrat the firftfigure from 19, and each of the reſt from g 
onlythe 1aft- from 10 as before, and then in this Caſe you 
are to dedu& twice Radius, from rhe ſum Reſulting by the 
"operation, 't rin the former buronete Radius. *, 
201 ol hf? DD% 3 d - Off « 
"1s je eomſderng 

- Whar ſerfs" heedful, 25 be 
'of both'the Naruril and Arcifieial Cannon. t 


his Mifcellaneous Epiromy) is 


_*»-As to thie Tables themſelves it is nor thought neeAful to 


add any:here;-or to infiſt 'uponrheir varibus uſes 1t1-ſeveral 
parts of che Marhemaricks,, for che Tables are very plentiful, 
wnd their” uſes largely 'handled;” by ' divers good, Atithgrs 
-ſueh'as have'been already mentioned; - £42 (-D © 
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rithm is moſt readily had; by ſubſtrafting every figure frod# 4: 


ng ſuiffiient for the Conſtraftion | 
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i, Calculate T AB LES o = 
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Proportion, publiſhed and approved by ſome Authors 
of good eſteem ; 15 as follows. - ©. 1K SP7% 


Firſt, having made tryal of a piece of Ordinatice at any 
degree of Mounture or Elevation. The Horizontal Ra 
are in Proportion to one.another. As are the Sines of the 
double Angle of Elevation : That is having the gre 
Random which is ar 4.5 degrees of Elevarion, which ſuppoſe 


Elevation-the Proportion 1s - 


| So 15 Sine of twice 5 deg, that 1s Sine of 10 d. gf2396702 


; 
- 


To 347 the Range at gd. Elevation 2,5401002 ' 


The like Proportion is to be repeated for the Range, at 
| any other degree of Elevation; - 
{ Or, Having the Random at any other degree, as ſuppoſe 


' 


| at 20 deg.' of Mounture, to be 1286 and from that to 


any other degree of Elevation, 


For 


PT HE method hitherto -known accordirig to Art and- | 


to be 2000, To find the Range of the ſhorat' 4 degree'6f®_./ 


As Sine of twice 45 d. rhat'is god. or Rad. $0,0000605 *1- - 
x > Is IPA 2g, urs x 
To 2000 the greateſt Range  $:3040300 


; Calculate cirher the greateſt Random, or the | Randoms for 94 : 


WK. 


-alculate ables of Kan 


For the greateſt Random, 


'£ 
WS: Tn to this merhod (admicring of this Proportion) 
1may-8 Table of Rendoms i cumanyery, =» any peice” of Or- 
nce to-any degree and. minure of Elevarion by having 
one Random ar any Elevation : and according'to this 
FT Tables 1n Mr. Azderſors Genuine uſe of the 
* " Gum were Calculazed by Mr. Street, but herein Experience is 


_ racher-jo-be Re and chicfly' regarded, 


{> & 


Wok | | 
| [rx wed. of 0 OR RL triage 
\7 CTo1286 FI: 3,1092401 
wr $0 is Radius: "2 + |, + T0,0000000 
; To the greateſt Random 2000 Ty. 33911726 
FTICEE- :-Ors For the Random at 36 deg. - 
* "As Sine of 40 deg. Co-Arith. 041919328 
To 1286 3,1092410 
+: $0.1 6: Sine of 72d-" 9,9982063 
:1To $902: the Random at 36 d: 32793798 
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- William Court's Bookſeller, I the: % 
. i eMariner and Anchor on Little-Tower, 7 
Hil, London ; are Taught theſe Mathe= 
| 'matical Arts arid Sciences following, Viz. 
1 Arithmetick , Geometry , Trigonometry , __ 4 
Navigation, Surveying, Gauging, Gunnery, * 
Dyalling, Aſtronomy , Proje&ion of the 7 

& Sphere, Fortification, ArchiteQure, Per-: © 
| ſpedtive, Uſe of the Globes and other Ma- .4 
thematical [nſtruments. WW | 
There is alſo Taught in our Own,and he ' 0 

Latin Tongue, Algebra , Conic-Sedions, | 

| Arithfnetick of Infinites, and Converging.,' 
X Series, by Mar madnke Hodgeſon. KITE: 
be 


Athemarical and Sea-Books, Paper, 


and Paper-Books, Sea gore. + I 
Plats and Charts, with Mathematical Inftrus:;. = 
ments. | \ 11 


"» ©; » 


T Ikewiſe a Treatiſe of Practical Gauging 

ſhewing, A Compendious andfEafie ' 

way To attain that Uſeful Art. The whole 

rounded upon the Unerring Principles? 4 

of, Geometry, by Marmaduke Hodecon, | 
Printed for and Sold by William Court. at © 

the Marrizer and Avcner ON Link Tomei Fl. a. 
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